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The development of the discrete angular segmentation method is given for solving the
transport equation for a multigroup two-dimensional FORTRAN IV program. Finite-
difference equations are derived in some detail and calculational procedures are dis-
cussed. The application of scaling and overrelaxation as methods to accelerate the con-
vergence of the neutron fluxes is described. The effect of these methods on convergence
rates for selected problems is shown. The program is described, including the input
instructions, along with some notes concerning program operation. A sample problem
and a FORTRAN IV listing are also included.
INTRODUCTION
A transport program is required because of the inability of diffusion theory to give
acceptable results for some problems. For example, the discrepancies between dif-
fusion theory and experiment for some high leakage cores, for the streaming along void
regions, and for thin highly absorptive regions makes this need apparent. The discrete
angular segmentation method of transport theory has yielded smaller discrepancies than
diffusion theory for problems of these types.
The discrete angular segmentation or Sn method was originally developed by
Carlson at Los Alamos Scientific Laboratory (refs. 1 to 3). The Sn method is basically
a numerical, iterative difference method in which the continuous angular distribution of
neutron velocities is represented by considering discrete angular directions. This
method was originally developed for the calculation of fast-reactor assemblies that
usually converged rapidly. It has since been applied to a wide variety of problems. Some
of these problems such as those with large regions of long neutron lifetime, thermal re-
actor systems, or complex two-dimensional problems sometimes converge very slowly.
It is thus desirable to accelerate the flux convergence as much as possible.
The TDSN program was developed in recognition of the need for a FORTRAN IV
multigroup two-dimensional Sn transport program that would converge these problems
by the application of overrelaxation methods to the flux and source iterations. Various
scaling procedures are discussed by Carlson (ref. 4), while other approaches to the
problem of accelerating convergence are those of Putnam (ref. 5) and of Blue and Flatt
(ref. 6).
The TDSN program will solve either one-dimensional (slab, cylinder, or sphere) or
two-dimensional (x, y or r, z) problems with either zero-return-current or reflective
boundary conditions. The reflective condition for curved boundaries can be either mirror
reflection from a plane surface or isotropic reflection. Certain types of geometric sym-
metries are used to reduce the number of mesh intervals required in two-dimensional
problems. Buckling losses for transverse directions can be included. The cross sec-
tions can be either P1 or transport corrected P0 with full up- and down-scattering
matrices. The array dimensions are completely flexible. Approximately 15 000 storages
are required for the unsubscripted variables and the program, including the Lewis moni-
tor system, so that about 17 500 storages are available for subscripted variables on a
32 768 storage computer.
Acceleration parameters may be used, and provisions are included to stop and re-
start a problem after a specified running time or inner iteration count. On restart, the
acceleration parameters, convergence criteria, and output options can be changed.
Output options include activity tables, flux-weighted cross-section averaging, col-
collapsed-group cross sections, disadvantage factors, and edits over specified groups
ax,d mesh intervals. Input options include using a flat initial flux guess, reading in an
initial flux guess, or using a binary card dump of a previous problem as a flux guess.
Direction cosines and weights may be included in the input or may be calculated by the
program by using a moment modified quadrature procedure.
Another limitation on problems to be run by TDSN, besides size, is that the eigen-
value must be the multiplication factor. Thus, no option for running a calculation with





area of mesh-cell surface at r i and gk normal to _, cm 2
area of mesh-cell surface at r-i and z k normal to k, cm 2


















number of neutron lethargy groups
unit vectors for rectangular coordinates
neutron current in q-direction; net number of neutrons in lethargy group g
per unit area flowing in the q-direction at point specified by p.
neutrons/cm 2
neutron multiplication factor




unit vector in radial direction
coordinate variables to specify position 2, _ = r_ + zk, cm
directional source; number of neutrons per unit solid angle per unit volume
introduced per unit lethargy into direction f_ at position p_
neutrons/cm3/sr/unit lethargy (see eq. (2))
total directional source for lethargy group g (see eq. (10)),
neutrons/cm3/sr
neutron lethargy
volume of mesh cell surrounding point ri, Zk, cm 3
quadrature weights for angular segment m,
deviation of two results
angle between k and
growth factor for production; ratio of total production resulting from outer
iteration to similar production at beginning of iteration
average number of neutrons that appear as result of a nuclear fission
cosine of 0
position vector, cm
probability per unit distance of neutron travel of a neutron at lethargy u
and position _" being absorbed by a nucleus, era-1
probability per unit distance of neutron travel of a nuclear fission at lethargy
-1
















probability per unit distance of neutron travel of neutron at
lethargy u and position _ being scattered by a nucleus, cm -1
kernal for neutron-nucleus scattering per unit distance of neutron
travel from lethargy u' about lethargy u per unit lethargy
through angle cos-1 (_,. _) at position p. per cm per unit lethargy
total collision probability per unit distance of neutron travel at
lethargy u and position _, zt= za+ zs, cm-1
macroscopic transport cross section per unit distance of neutron
-1
travel at lethargy u and position _, cm
nondirectional scalar neutron flux; number of neutrons in lethargy
group g per unit area at point specified by _', neutrons/cm 2
angle between _ and projection of _ in plane perpendicular to
fission spectrum; probability that a neutron born in fission of a
nucleus will be in lethargy interval du about lethargy u,
fx(u)du = 1
directional flux; number of neutrons per unit lethargy per unit
solid angle per unit area at point specified by position vector _"
and flowing in direction _2, neutrons/cm2/sr/unit lethargy
direction of neutron flow at position P'.
/- )direction cosine to radial direction r _2 r = -/1- 42 cos q_
rectangular coordinate direction cosines (_2z represents same
cosine as 4)
directional derivative; net flow of neutrons in direction _ per
unit lethargy per unit solid angle per unit volume away from





numerical position of mesh cell in first direction, r or x



















numerical position from negative r- or x-_lirection of angular quadrature
segment on unit sphere surrounding point i, k
numerical position from pole or l_-<lirection of angular quadrature segment
on unit sphere surrounding point i, k





order of spherical harmonic
n - 2n scattering
present outer iteration being performed





up-scattering, scattering to a group of higher energy
average; over a subscript, midpoint of interval with which subscript is con-
cerned
where
TRANSPORTEQUATIONAND BOUNDARYCONDITIONSFOR r, z GEOMETRY
The time-independent Boltzmann equation of transport theory may be written as
• V_(u, _',_) + 2_t(u,p-*)#(u,D*,_) = S(u,_,_) (I)
S(u,_,_)_ keffX(U)4_1 f_2'fu' vZf(u" P-)_(u"P" _')du' d2_ '
(2)
,I_(u, _, _) denotes the number of neutrons per unit lethargy per unit solid angle per unit
area at the point specified by the position vector _ and flowing in the direction 5;
_t(u, _) is the total collision probability at lethargy u per unit length at point p, and
S(u, _', 5) is the source per unit lethargy per unit solid angle per unit volume in direction
at position P'. The equation represents a neutron conservation law stating that the
total derivative in the direction _ of the neutron flux at position p" per unit volume per
unit lethargy per unit solid angle equals the number of neutrons introduced in that direc-
tion less the number which are removed by collisions. Positive solutions of the equation
may be obtained for only one value of the multiplication factor kef f such that the con-
servation law will hold. The equation is linear in the flux and of first order in the vari-
ables p" and _2.
Making the multigroup approximation to the continuous lethargy dependence of equa-
tion (1) replaces it by G equations of similar form; one for each of the lethargy
intervals over which the lethargy dependent variables are replaced by suitable averages.
Each equation now receives the subscript g to denote the lethargy group and the equa-
tions to be solved become
• V _I,g(_, h) + _g(P-)'I'g0_, _) = Sg(/_, _) g = 1, . ., G (3)
and
G





5, • h')d2h '
t
where E s, 0_, _' • _) is the kernel for scattering from the group g' to group g
• .g-g -I,P,t
me angle cos t_,_ • h).





coordinates, r and z, and two directional coordinates, _ and _, and is an even func-
tion of both _ and _. In sketch (a), r is the perpendicular distance from the axis of
symmetry, z is the distance parallel to the axis from the reference plane, _ is the
cosine of 0, which is the angle between the unit vectors k and _, and _ is the angle
in the plane perpendicular to the axis between the unit vector f and the projection of _.
References 4 and 7 discuss this geometry as well as other geometries.
The directional derivative _ • _I,_(_,_) in the transport equation (eq. (3)) will now
be derived. Note that _ - V_ = d_/ds;where ds is a distance laid off along _ and
where
d_ 0_ Or 0_a_ 0_ 0z
ds Or 0s 0_s 0z as
From sketch (a); dr = (sin 0 ds)cos _ or
=sinO cos_o= _1 -_2 cos_od__r
ds
AIso,
-r d_o= (sin0 ds)sin _o
or





dz = cos O ds
or
dz
= COS 0 = 4
ds
Also note that dr/ds corresponds to _2r, and dz/ds
Making these substitutions yields




sin q_ -- + 4 --
Ocp 0z
and equation (3) becomes
O_I,g _1 _2 O_I,g O_g
_1 42 q_ 0r r- __ t = Sg
- cos -- - sinq_- +4 0z +Zg_g
C5)
with
_I,g - @g(r, z, 4, _o)
The firstthree terms of equation (5) are not in the usual form for expressing the
divergence in cylindricalcoordinates. This may be remedied by noting that
r(
0 sin0q_q___= (cos q_)_I,+ sin q_0q)
and
O(r_) _ _I"+ r O____
Or Or
Using these relations gives
0_ 0_I, 0[ (sin (p)_I,1 0(r_)
sin (p _ = (cos (p)r 0r-- + 0q_ - cos ¢--0r
and equation (5) becomes
8
cos 9 _ -
r ar r _
a_g t
-- _;g@g+_ az + =Sg (6)
which is a suitable conservative form of the transport equation in cylindrical coordinates.
Two basic boundary conditions can be placed on equation (6): reflective and non-
reflective. The axis of the cylinder necessarily has the reflective condition applied. At
the outer radius rb of the system, the nonreflective or zero-return-current boundary
condition is
_I,(rb,z, _,9) = 0 0 ---<9 -< _-
2
where _p is the angle in the plane perpendicular to the cylindrical axis between the unit
vector r and the projection of _.
At the upper or lower boundary Zb,
•(r,zb, 9)= 0
with -I --<_ -<0 at the upper boundary and 0 --<_ -<1 at the lower boundary, where _ is
the cosine of the angle between the unit vectors k and _.
For planar reflection,the radialboundary conditionis expressed as _(rb, z, _,9) =
_I,(rb,z, _,_-9) and at the axialboundaries as _I,(r,Zb, _,9) = ¢_(r,Zb, -_,9). The planar
reflectiveboundary conditionfor a curved boundary lacks physical meaning because this
condition leaves, for example, _(rb, z, _,_/2) = 0 for r,z geometry. Another reflec-
tiveboundary condition (ref. 5) is an isotropic return conditiondefined by
_/2 _/11 _1 - _,2 (cos 9')@(rb,z, _',9')d_' dg'




Mirror and 180 ° rotational symmetry conditions may be applied to x, y configura-
tions in addition to the boundary conditions expressed previously for r, z geometry.
Mirror symmetry may also be applied to the z -direction of r, z configurations. Mirror
symmetry results in conditions expressed in the same manner as the planar reflective
boundary conditions for the appropriate values of x, y, or z and for the correct range
of 9 and _.
The 180° rotational symmetry condition may be applied if rotating that portion of a
system belowone of its diagonals through 180° about its midpoint results in the same
configuration as that abovethe diagonal. This condition is definedby
_(xb-x, o, _, ¢) = _(x, 0, -_, _-¢)
where the origin is at the lower left corner of the configuration and its right boundary is
atx b.
SOURCE FUNCTION
The scattering source (the second term of eq. 44)) may be represented in terms of
integrals involving two independent functions of the direction _. Expansions in spheri-
cal harmonics are employed to permit these integrals to be evaluated approximately.
Only the zero and first harmonics of the expansion of l_tm(_) will be represented.
l_(_) represents the Legendre polynomials, and P_(_) the associated Legendre poly-
nomials.
The following expressions (from ref. 8)
1 d _ (_2 _ 1)_
P_, 0 (_) = P_(_) - 2_: d_ _
_--0
412(t - m)'
PL m(_) =y_+m-_. p_aC_)c°sCm_p)
,/2_(_ y m)'.




p_a(_) = (1 - _2)m/2 J+m
21_ '. d_ _+m (_2 _ 1)_
can be used to obtain the spherical harmonics
0_.. -- PO(_)= 1PO,
10
rP1, 0(_) = P1 (_) = _
P1,1 (_) = _- _2cosq_
p1,_1(_) = _/1 _ _2 sin
where
_ = _fl - _2 (cos _)_ + _/1





2_ + 1/pp,m,(_)p_ 'm(_)d2 _ = 5p _Sm, 'm47r
and the addition formula
pt(_' • h) = E PJLm(_')Ptm(_)
m= -I








and where zs,_. (p_ _' • _) is the kernel for elastic scattering from group g' to group g
through the a_l_ cos-l(_ ' • _) and the flux may be expanded as
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L• g(P'_)=Z _'_ (2f+l)fgfmO_)P_m (_)
._=0 m=-_
where
1 /@gO_ '_)p_m(h)d2hfg_m 0_) =
and where L is equal to infinity. However, for this study, L will be either 0 or 1.





22 s,2= (2_ + 1)2;g,_g(_)
g'=l _=0 m=-_
fg,_m(p--)P_m(_) C7)
where L I 0 for PO scattering and L = 1 for P1 scattering.
If cross sections for inelastic and n - 2n scattering are available, they may be in-
cluded by adding them to 2;sO to obtain a total scattering matrix defined by
g'-g
2;st f_i = _sO (h'_ in - 2_n-2nc_-_
g, _g_, g,_g__, + _g, _g(/3 ) + g, _g v-,
The group scattering cross section _;0_) becomes
G
in _n-2nfK_2;gO_)= _SOg_g,(p-)+ _g_g,O_) + g-g' _/
g'=l
and the group scattering removal _r(_) is similar to
include g' equal to g.
For cylindrical geometry, _g_, _) is even in _o.
_,g(/V), where the stun does not
The only P_m(_) that is
12
odd in _, yielding fgtm
or, since




For fg, 1, 0 the definition of fgtm
Po,o(_)= 1
fg,o, o(p-)=1 f_4_ g(_' _)d2_
This expression is just the integral of the directional flux over all directions, or the




where _ = _2z
i ^
fg, 1, 0 (p-) = _/_2g(_, _)P1, 0 (_)d2_
_ 1 f@g(/_, h)_ d2_fg,1,0(_ff)- 4_
for cylindricalgeometry. Therefore,
Jz _ff)- fg,1, 0(/_)
g
and similarly for fg,1,1' the identification
Jrg 0_) - fg, i,I0_)
results.
Making these substitutionsinto equation (7)results in the scattering source, for
L=0,
G




and, for L= 1
and equation (4) becomes
+ 3Zgl..g(_) I_Jzg,(/_) + _/_ - _2 (cos q_)Jrg,(P-_t
(9)
G
Sg(p. _)_ keffXgE U2;g,f(p-')@g,O_) + S:(p. _)
g'=l
(10)
Equation (9) may be generalized for other geometries by recognizing that _ = _z
and that _/1 - 42 cos (p = _2r. Then equation (9) becomes
G
S:(p. _) = _--_ FZ st ,rr,,I_ 3 5;g, _g 0_) _--[ 12q Jqg, (/_')1
_ g,..g,,"I g,(P--)+ sl
g'=l q
(ii)
for each direction q of the coordinate system.
The source Sg(p, _)may also be written in a form that separates contributions to the















= _ F(p--) + + _) , + gl g(p--) g_qjqg(_) (13)keff
q
In many problems, anisotropic scattering is adequately taken into account by either
the diagonal or the full transport approximation. For either of these approximations,
anisotropic scattering is accounted for by an appropriate modification of the cross sec-
tions, and on the use of these modified values, the scattering is treated as if it were
isotropic:
Sg(_) =Xg FO_)+ T;(_)+ _tg(p-)¢g(p--) (14)
keff
The transport approximation may be regarded as replacing an anisotropic scattering
distribution with an isotropic component and a 5-function forward scattering component.
t t sl
In the diagonal transport approximation (ref. 9), _g is replaced by (_g- _g ), and
_Stg..g is replaced by (g_g g)2;st - I_sl , where
G
g'=l
tr t _ _sl
and _g is defined to be _;
A second method (ref. 2_ g "of developing the transport approximation is to use
defined by a cross-section program to replace _t Then st is replaced by
g. 2;g_g












is the cross section for neutron absorption including absorptions that result
Under these circumstances, _st may become negative.
g--g
15
For an adjoint problem (refs. 7 and 101, the source is developed differently result-
ing in
+Tg 05)+Tg (/5,_)+ st - *-










F'Stg_g, (/_) cI';, 0_1
G




SPATIAL MESH AND DIRECTIONAL SEGMENTATION
The transport equation, as given for cylindrical symmetry by equation (6), can be
solved by performing integrations over the direction variable _ such as those involved
in the source function (eq. (4)). In obtaining numerical solutions, these integrations may
be performed by means of mechanical quadrature in which the continuous variable _ is
represented by a set of discrete directions. The conversion of the transport equation into
difference form also requires that the space coordinates represented by the continuous
variable _" be divided into a set of intervals.
For the space dimensions, the division is arbitrary, and for the r, z cylindrical
geometry, a set of r i is used to divide r into I intervals and a set of zk to divide z
16
into K intervals. An i, k mesh results over the volume of the cylinder. In general,
the mesh intervals are selected so that the surfaces of the resulting mesh cells coincide
as much as possible with the natural bounding surfaces of the configuration being repre-
sented. All the mesh cells are considered to be uniform in material and free of any
internal boundaries. The radial and axial bounding areas of the mesh cells are given by
Aik 2_r iAz k and Cik _ i+l -r and the volume of the mesh cell by
Vik = 7r(r.2 . - r i z Zk.
For the direction variables _ and _, a two-dimensional partition of the surface of
a unit sphere centered at each mesh cell is required. Since _ and S are both even
functions of 9, it is only necessary to consider the range of q_ from zero to _. The
directional variable _ is also even and, if no z variation exists, _ can be considered
only for the range from zero to 1 and only the first quadrant of the unit sphere needs to
be used. Even with z variation, the section of the unit sphere with _ between -1 and
zero will have the same form of mechanical quadrature as the first quadrant, so that only
the first quadrant needs to be considered in devising the quadrature scheme. In the past,
a system of Gaussian quadrature (refs. 4 and 5) or a moment modified quadrature system
(ref. 3) has been used. More recently projection-invariant quadrature sets have been
proposed (refs. 4 and 7).
Whatever quadrature system is to be used, certain relations should be required.
The most important of these are
_'_ Wm£ = 1 (17a)
m,._
= 0 (17b)
E G2 1Wm_ m_ = 3
m,_
(17c)
In some quadrature sets (i. e., the Double-P method and the projection-invariant Set B,
ref. 4), the first moment relation
1




also holds. Except for equation (17b), these are all forms of a general condition
Z 1Wm_[_q-f[ - q + 1
m,f
where q is the order of the moment.
In the moment modified sets, the first quadrant of the unit sphere (and others if re-
quired) is divided into n/2 bands of latitude by arcs of latitude of constant cosine f.
These arcs are defined by dividing the continuous variable _ into a set of fm" These
bands are determined so that the areas of the bands, as _ decreases, are








Thus, a = 47r/n(n + 2). Each band is now divided by arcs of longitude (q_ constant) into
sections of area a with the bands partitioned into L = n, n - 2, . .., 4, 2 sections.
Here, the continuous variable _p is divided into a set of boundaries q_m_ so that
(b)
=Tr, q_m,L/2 =2' and q_m,L =0
as shown in sketch (b) for n = 6.
With each area is associated an average value
_-m of _ and _m_ of q_. The average direction
(_'m' _m{ ) is chosen so that condition (17c) holds
(ref. 3). In the quadrature system being con-
sidered, this direction is obtained by defining _m_
to be the simple average
18
_ml + _m, l-1
and with equal weights Wm£ (representing the areas), while _m can be defined by
_-m = _m -I )l(_m +
Jn + 2n - 2
n
m=l, 2, . . "' 2
and
_m = -_n-m+l m=n +I,.- . ., n
2
where
_m=l 4m(m + 1) n




m=-+-, . . ., n
2
Projection-invariant quadratures attempt to perform the quadrature subject to sym-
metry requirements on the discrete directions dividing the surface of the unit sphere.
The symmetry requirements are rotational invariance about the midpoint of an octant of the
the unit sphere and reflection invariance about the spherical arcs connecting the midpoint
of the octant and its vertices. With these re-
quirements satisfied, the results of integrations
over _ no longer depend on the orientation of
the unit sphere with respect to the space axes as
they do for the moment modified quadrature.
If the areas to be associated with the discrete
directions to obtain the weighting factors Wm£
are laid out on the unit sphere and are made sub-
ject to the invariance requirements, a diagram




types of quadrature sets for a number of Sn
This figure is representative of the Set A
quadrature of reference 4. The Set B quad-
rature of reference 4 is obtained from the
Set A quadrature for n + 2 by removing the
corner directions. After n = 4, the total
number of directions for Set B will be more
than that for the corresponding Set A quad-
rature. Sketch (d) represents an octant for
n = 6 of Set B quadrature. (For a further
discussion of projection-invarant methods
see refs. 4 and 7. ) Appendix B lists these
orders.
TRANSPORT DIFFERENCEEQUATION FOR r, z GEOMETRY
Equation (6) can be put into difference form, as is done in reference 7, or another
neutron conservation equation for the mesh cell i, k and quadrature segment m, f can
be developed (refs. 4 and 10). The first term of equation (6) represents the loss of neu-
trons per unit volume in the r-direction from a differential spatial-directional element.
The second term represents a similar loss in the q_-direction and the third represents a
loss in the z-direction. Thus, the first term, following the procedure of references 4
and 10, may be written in difference form as
Ai+l, k_g, i+l, k, m, f
Wmf_2rm_ Vik
- - - - Aik@g, i,k,m, fl
which represents the net flow per unit volume out of the mesh cell i, k through the radial
surfaces. In this term, Wm, l is the solid angle of the quadrature segment about the
discrete direction m, f, _2 is the direction cosine of the angle between direction
rm_
m, f and the radial direction yielding the component of the directional flux normal to the
radial surfaces, Ai+l, k and Aik are the surface areas at (ri+l, _k) and (ri, Z-k), and
@g, i+l, I_, m, _ and @g, i, k, m, _ represent the average directional flux over these sur-
faces.
The third term is similar for the z-direction and becomes
Ci, k+l_g, F, k+l, m,
Vik
- - - Cik_g,T, k, m, _)
20
representing the net flow per unit volume out of the mesh cell through the axial surfaces.
The second term of equation (6) represents the angular redistribution of neutrons
since it corresponds to the loss per unit volume in the _0-direction from the quadrature
segment but not a loss from the mesh cell. In difference form this term may be written
as
amtC'g, i, k, m, t - am, t -l_g, i, k, m, t -1
Vik
where _g, i, k, m, _ and _g, i, k, m, 1-1 represent average fluxes for the quadrature seg-
ment boundaries of direction m, 1. The quantities am1 and am, $-1 are to be deter-
mined so that the net angular redistribution in the _-direction for any m will be zero.
Making these substitutions into equation (6) and multiplying through by Vik result in
the transport difference equation:
Wml_rm_(Ai+l, k_g, i+l, k, m, 1 - Aik_g, i, k, m,_
+ (aml_g,T,_, m, £ - am, J[ -l_g,T,_, m, 1-1 ) + Wm_Zml(Ci, k+l_g,T, k+l,m,
_t
- Cik¢g,-i-,k,_,][) + Wm, g,i, kVik¢g,T,_,m,_= Wm_Sg, i,k,m, iVik (18)
The am_ coefficients must now be evaluated. Because of the cylindrical symmetry,
the range of _ to be considered is from zero to _ and there cannot be angular redistri-
bution to values of _ outside this range. Therefore, the first and last values of am1
must be zero, imposing the conditions
=0
am, 0 = C_m, L
Another condition can be determined by examining a configuration that results in con-
stant directional flux. For such a configuration, the net flow will be zero, or from equa-
tion (18),
Wm£Grm1(Ai+l ,k - Aik) + (aml - _m, I-1) + Wm_GZm1(Ci, k+l - Cik) = 0
For cylindrical geometry Ci,k+l = Cik and the third term is zero. This agrees with
equation (6) since itindicates no angular redistributionin the _-direction.





am, O= Oem, L=O
- am, _-1 = -Wm_2rm_(Ai+l , k - Aik)
am_ can be found by noting that with
am, 0 = 0
(19)
am, 1 = - Wm, l_rm, l(Ai+l, k - Aik)
=-Q + l_2rm ' )(Ai+l,k-Aik)am, 2 Vm' 2t2rm, 2 Wm' 1
Substituting am, 2 and am, 1 into (19)gives
= _ /w + 2_2rm 'am,3 m, 3_rm, 3 Wm' 2
\
+ Wm, 1 firm, 1_! (Ai+l, k - Aik)
or, in general,
= -(w + _l_rm, +.. + 1_2 l/(Ai+l,k-Aik)amt mt_rmt Wm'_ t-I " Wm' rm,
(20)
The equations represented by (18) (one equation for each mesh cell i,k and discrete
direction m, _ and group g) do not couple different values of _2Zm, while the energy
groups are coupled only through the source term. This system of equations can be
solved by putting equation (18) into the form of a recursion relation, and the fluxes are
calculated in turn. A complete set of fluxes can be obtained by starting the procedure at
each geometric boundary and applying the recursion relation until the opposite boundary
is reached. In carrying out this procedure, only those fluxes with directional components
in the direction in which the recursion relation is being applied are obtained. The pro-
cedure must be initialized with respect to direction in addition to the initialization at the
boundaries. For this, the direction Cpm ' 0 _ y is used for which am, 0 = 0 and results
in the procedure being started at the outer radial boundary.
This procedure can be applied by putting the recursion relation into a form in which
one unknown value of the flux can be determined from a set of previously calculated
values. Thus, the number of unknowns in equation (18) must be reduced by three. One
of two different methods is usually used. One method is known as the "step model"
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(or step-function method) and the other as the "diamond model" (or line-segment method).
In the step model, the average flux g/g, i, k, m, £ for the mesh cell and quadrature segment
is assumed to apply also at the mesh and quadrature boundaries yet to be reached in the re-
cursion sweep. Thus, for a sweep from i to i + 1 and k to k + 1 the condition becomes
gig, i, k, m, t - g/g, i+l, k, m, t - gig,]', k+l, m, _ - g/g, i, k, m, t
For the diamond model,
boundary values or
the average flux is assumed to be the average of the opposite
1 (g/g, +g/g,i,k,m,l-2 i+l,k,m,t g/g, i, k, m, t )
1 (g/g,T, k+l, +
= 2 m,t g/g,],k,m,_ ")
1 (g/g, +
=2 i,k,m,t g/g, i, k, m, l-1 )
The diamond model is used in TDSN since it generally leads to accurate results.
Using the diamond model for a recursion sweep from i to i + 1
k + 1 equation (18) becomes
Wmt_2rmt IAi+l, k(2g/g, i, k, m, _ - gig, i,k, m, t
(21)
and from k to
+ Wm_Zm_ICi, k+l(2g/g,i,k,m , , -g/g,-i,k,m,_ ) - Cikg/g,i, k, m, _]
+w _t . V. g/ .
mt g, i, k ik g, 1, k, m, t - WmtSg, i, k, m, t--Vik
or
2Wmt_2rmtAi+l, kg/g, i, k, m, t - Wml_rmt(Ai+l, k + Aik)g/g, i, k, m, 1
+ 2_m_g/g, i, k, m, IP - (aml_ + am, _-l)g/g, i, k, m, 1_-1
+ Wmt_Zmt(Ci , k+l + elk)g/g, i, k, m, t - Wm1_Zmt(Ci, k+l
t
+ Wmt_g, i, kVikg/g, i, k, m, 1 " WmlSg, i, k, m, tVik
+ Cik)g/g,_,k, m, I
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since Ci, k+l = Cik"
A symmetrical relation for the first four terms similar to that of the fifth and sixth
terms can be obtained when equation (19) is used in the form
to substitute for
by noting that
Wmt_2rm£Ai+l , k = am, _ -1 - C_mt + Wm_2rmtAik
Wmt_2rmtAi+l ,k in the first term. Further symmetry can be obtained
Ai+l, k + Aik = 2_(ri+l + ri)AZk
Ci, k+l + Cik = 2y(ri+l + ri)Ari
and
for cylindrical geometry.
Ai+l, k - Aik = 2y Ar i Z_zk
Thus, if the definition
_mt + am, t-I = WmtYmt(Ai+l, k - Aik) (22)
is used, the first six terms will have the same form.




" am, t-I = -Wmt_2rmt(Ai+l , k - Aik) " WmfTmt(Ai+l,k - Aik) - 2_m, t-1
For J_---1,
Wm tVm _ (Ai+l, k
- Aik) = 2_m, _-I - Wmt_2rmt(Ai+l, k - Aik)
and
am, t-I = 0
7m, 1 = -_
rm, 1
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#For _ = 2 and using (20) to substitute for
Wm, 2Tm, 2 = -Wm, 2_2rm, 2
and since 7m, 1 = - f_
rm, 1
Wm, 2Tm, 2 - Wm, lVm, 1 = - (Wm, 2_2rm, 2
Continuing for _ > 2, the relation
-Wm, l_rm, 1 -Wm, l_r m,1




+ Wm' _-l_2rm, {-1)
_g, i, k, m, f gives the difference equation as
_>I (23)
[_rmf (Ai+l, k + Alk)@g, i,_ m, _ + Ym f(Ai+l, k - Aik)_g, i,k, m, J_-I+ 12Zml(Ci ,k+l + Cik)@g, i,k, _n, _ + Sg, _,_, m, [-Vik]
_g,r,_,_,,- (24)
Grm_(Ai+l, k + Aik) + _mJ_(Ai+l, k - Aik) + flZml(Ci , k+l + Cik) + zt i kVik]
Equation (24) is the recursion relation for a sweep from i to i + 1 and from k to
k + 1. Similar results for the other three possible sweep directions are obtained if
_g, i, k, m, { or _g,T, k, m, ! are replaced in equation (18) with _g, i+l, k, m, _ or
_g,T,k+l,m, _' which then appear in an equation similar to (24). If the absolute values
of the direction cosines are used, the same recursion relation may be used for all four
possible sweep directions. Similar recursion relations may also be obtained for other
geometries (see refs. 4 and 7).
Another equation is required to obtain the initialization at the quadrature boundaries.
This equationr_ is obtained from an ! = 0 sweep for which Ym, 0 = 0 and
_ _ _ _2 . Equation (24) is used to obtain an average flux over mesh cell
rm,0- -- Zm,0
i, k for the discrete direction m, f. Values to be used in the same manner for successive
mesh cells and directions are then computed by using equation (21) with
_g, i, k, m, _ = _g, i, k, m, f for the quadrature initialization sweep.
The diamond model used to obtain equation (24) can result in negative values being
computed for use in the next mesh cell or direction segment, and this possibility must be
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accountedfor in the difference equation solution procedure (seepage27 andref. 10).
The scalar flux Cgik canbe obtainedby integrating _g,i,k,m, _ over the direc-
tions m and f or
Cgik = ZWm_g, i, k, m,
m,_
(25a)
while the currents are




Jz =/2 Wm_Zm _g,-i,k,m, _ (25c)gik
m,J_
DIFFERENCE EQUATION SOLUTION PROCEDURE
The difference equations are solved by carrying out iterations on the flux until con-
vergence has been obtained. The iterations are performed by assuming a source for a
sweep through the recursion relations involved in solving the Sn equations. If the
source is unchanged by the sweep, it is considered to be converged. By unchanged, one
means that the new source and the old source are within a specified small number of
being identical. The actual values to be compared can be the integrated source over all
the mesh intervals, the integrated source over a given set of mesh intervals, or the new
and old source can be compared at each mesh interval.
In the solution, the iterations performed are of two types. These are variously
known as outer, major, or power iterations and inner, minor, or group iterations. The
source is treated as inhomogeneous, and a portion of it is fixed for each power iteration.
The fixed portion of the source is taken to be the fission source. The fixed source is
normalized to a constant "power level" at the beginning of each power iteration.
The up- and down-scattering into a given group g may also be considered part of
the fixed source for this group. Then, for the group g, the fixed source becomes, from
equation (13),
26
Xg F + T t T 1
keff g + g
with similar results from equation (14) for transport approximation problems and
t* 1"
V_gF*+Tg +Tg
from equation (15) for adjoint problems.
To this group fixed source is added the portion of the source for which a new value is
obtained for each group iteration. This source results from scattering within the group
and becomes
_st @ + 3_sl _-'_Gqjqgg-'g g g-'g
q
from equation (13), with similar results from equations (14) and (15).
The total source for the group iteration is then used for the sweep through the re-
cursion relations of the Sn method to obtain an improved estimate of the scalar flux and,
in turn, of the within-group-scattering portion of the source.
During the sweep through the recursion relations, negative values of the angular
flux at mesh-cell and quadrature boundaries may be obtained because of the lack of a
significant source, or because of a rapidly varying flux, or because of the lack of con-
vergence of the source. Usually, these conditions may be remedied by rerunning the
problem by the use of a finer spatial and, perhaps, angular mesh. However, when these
negative values occur during the course of a computation, they can be handled in a num-
ber of ways. Two possibilities are allowing the negative values to remain in hopes that
they will cease to occur as the source converges and recalculating the angular flux by the
step model in which the possibility of a negative flux does not occur (unless the total
group source is negative due to a large negative transport corrected _g_gSt or P1 scat-
tering term). The TDSN program replaces a negative angular flux with zero. If the
negative values continue to be obtained, a pseudosource and an erroneous gain of neutrons
to the system result. In obtaining the new flux estimates, a second or "reflection"
sweep through the recursion relations may be required for reflective outer boundary
problems to correct for nonzero boundary currents. The combination of the two sweeps
is then known as the group iteration.
In addition to an estimate of the source, the boundary angular fluxes are required at
boundaries where recursion sweeps begin before the sweep can be started. Zero inward
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current conditions require only that the angular flux be set to zero for the inward directed
angles. Reflective boundary conditions, however, imply an inward source of neutrons at
the boundary that must be obtained from an estimate of the inward angular fluxes. The
estimate of these angular fluxes must also be improved, along with that of the scalar
flux, as the group iterations are continued.
If, after the sweep through the recursion relations has been completed, the neutron
flow across the reflective boundary is not sufficiently close to zero, the reflective sweep
may be performed as a correction. For this sweep, the last estimate of the boundary
angular fluxes is used without any other source terms to compute a correction flux. The
fluxes and flows from this sweep are then combined with those of the regular sweep so
that the flow across the reflective boundary will be zero.
The group iterations can then be continued until the within-group-scattering portion
of the source ceases to change significantly, that is, until it is converged. The number
of group iterations required for convergence may be decreased by the application of dif-
ferent acceleration techniques discussed in the next section.
After the final estimate of the scalar flux has been obtained for a group iteration,
certain convergence tests are applied. These include tests on the change in the within-
group-scattering source and the change in the collision removal that resulted from the
iteration. Other tests may be on point or region changes in the source or loss. These
tests are described in more detail in the next section. Since the solution should always
satisfy neutron conservation from the nature of the transport difference equations, neu-
tron balance cannot be used as a convergence test.
When the tests are satisfied for a given group, the same procedure is followed for
the remaining groups. The scattering source into these groups is always based on the
latest estimate of the fluxes for the other groups, but the fission source is updated only
at the end of the power iteration. Acceleration techniques may also be applied to the
power iterations and are discussed in the next section.
After the group iterations have been performed in the last group and any power itera-
tion acceleration has been applied, the fission source is renormalized by first computing
the production rate
G
Z 1• 1gn_ g_K
g=l
as in equation (12). Then the growth factor for production is obtained by the ratio
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_P = i, k
'_ FP-I.ik Vik
i,k
The estimate of the multiplication factor keff resulting from the Pth iteration is then
given by keffP = kP'ZeffP-l" Using this new value of keff yields a normalized total fission
source equal to the fixed power level.
For homogeneous problems, a nonvanishing solution only exists for certain unique
values of keff , and for only one of these values, corresponding to the fundamental mode,
will the fluxes be everywhere positive. The latest estimate of keff is used to obtain the
fixed source estimate of the following power iteration. The power iterations are repeated
until kP converges to 1 (indicating no change in the fission source for the iteration).
Several tests are applied to determine the convergence of kP. Among these can be
a test on the closeness of kP to l, a test on the rate of change of k, and a test on the
closeness of the group sum of the scattering source to the group sum of the scattering
loss if the source does not contain extra neutrons from n - 2n scattering reactions. A
test on the change in the up-scattering source resulting from the power iteration may also
be applied.
ACCELERATIONAND TESTS OF CONVERGENCE
In this section, the application of scaling and overrelaxation techniques to accelerate
the convergence of the inner and outer iterations is discussed along with the convergence
tests applied by the TDSN program.
In the past, the only form of acceleration used has been the scaling factor applied to
retain conservation of neutrons. Carlson discusses this use of scaling in reference 4
and in the remarks following reference 2. The scaling factor fg is an integral quantity
being determined from the summation of the changes that result in the within-group-
scattering source because of a group iteration and is written as
×g Fik _old .




where Vik is the volume of the mesh cell i, k. The flux estimate _newgik ' as well as
the currents and angular boundary fluxes, resulting from a group iteration, are ac-
celerated when multiplied by this scaling factor since it further changes the estimate in
the same direction as the recursion sweep did on an integral basis. The effectiveness of
this scaling factor may be negligible after a number of inner iterations. As convergence
proceeds, the scaling factor quickly approaches 1 because increases in the within-group-
scattering source in one region can be offset by decreases in another region with the
overall flux level remaining almost constant. Thus no acceleration results.
Further acceleration may be achieved through point-wise techniques that will sig-
nificantly speed up the convergence process. The method used is "overrelaxation"
(ref. ll) for iterations in which a specified degree of convergence has been attained.
Overrelaxation uses the fluxes before and after an iteration. The accelerated flux esti-
mate is then used in determining the integrated scaling factor. After partial flux con-
vergence has been attained a more optimum acceleration parameter may be calculated
by the method of Wachspress described in reference 12.
When point-wise extrapolations of the fluxes are used, other point-wise quantities
such as the boundary angular fluxes and currents will need to be corrected. The manner
by which the correction factor for the overrelaxation is obtained is illustrated as follows.
The extrapolated flux Ce for mesh interval i, k is given bygik
:gik (27)
where p is the present inner iteration. After the extrapolation is performed, _ik
will no longer be available to the program having been displaced by _e . In computing_'
thescalingfactor f, ®e willbecome®n wand willbecom --®°i Angular
g gik _ _ _"
fluxes and currents must also be extrapolated to correspond to the extrapolated scalar
fluxes. For the angular boundary flux, the scalar fluxes at the midpoint of the corre-
sponding mesh interval will be used in the computation of the extrapolation factor. This
factor is gik g_ gik . ,ik = ¢ " _P.. Since _P. is no longer available, it must be obtained
from the relation _gik =[_eik+(W-1)_:(l{/w" With fg being the scaling factor and
Cs the scaled flux
gik
e p-1
Cgik + (w - l)¢gik
s ce = fgEik_gik = fgEi k




cI_e + (co - 1)¢P-_,.1
Using Elk gives the scaled extrapolated currents as
and
JzSgik = fgEikJzP
and similarly the angular boundary fluxes.
The best value of the acceleration factor co is usually not known (ref. 13). There-
fore, estimates of co must be made by some means (such as previous experience with
similar problems) while being careful not to overestimate the amount of acceleration that
can be used for a given problem. Otherwise instabilities may be introduced into the flux
iterations. The overrelaxation factor should be chosen smaller for less converged prob-
lems than for more converged problems. This factor is also dependent on the reactor
system under study. As the rate of convergence decreases and as the problem becomes
more converged, the acceleration may be increased. A method for performing this
operation is that of Wachspress as described in reference 12. In this method, new ac-
celeration factors aru+l are computed as convergence proceeds that depend on the origi-
nal factors coO and the rate of flux convergence so that
_1 = 2__ (28)
1+ _-a 2
where









Two types of acceleration may be applied to the outer iterations. One of these is
overrelaxation while the other is up-scattering scaling. Overrelaxation of the scalar
flux is applied immediately after the inner iterations in a given lethargy group have been
completed. The extrapolated flux is given by _e = w_i k - (w - I_¢P -1gik g ' gik • This group
flux is used immediately for computing the down-scattering source but updating the fis-
sion source is deferred to the end of the outer iteration. Acceleration of the fission
source after each outer iteration occurs through the use of the extrapolated fluxes. The
currents and angular boundary fluxes must also be accelerated as in the inner iterations
for a group. The acceleration parameter w used will usually be less than that used for
the inner iterations as the outer iterations constitute a larger, less converged problem
than do the inner iterations.
Since the scattering source into a group is based on the latest flux estimates of the
group in which the scattering occurs, a down-scattering source (neutrons from energy
degrading scattering) will also be updated in a given outer iteration before it is used.
However, an up-scattering source in which the scattered neutrons have a greater energy
than before the scattering collision will not be updated during the outer iteration. A slow
rate of convergence results that increases the number of outer iterations required. Scal-
ing those groups that up-scatter to obtain a better estimate of the up-scattering source
for the next outer iteration improves the convergence rate. The up-scattering scale
factor fup is applied in the same manner as the within-group-scattering scaling of the
inner iterations and is written as
ZZ
keff
g=l i,k (29)fup = G G
_'_ _'_ Xg __oldkeff FikVik -Z _up/'_new_g t"*gik gik)Vik
g=l i,k g=l i,k
where _up is the total up-scattering removal cross section for group g, and _I'°ld
-new g gik
q'gik refer to the fluxes before and after the outer iteration.
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and
The preceding discussion considers general methods for accelerating the convergence
of the inner and outer iterations. However, the problem of determining when the con-
vergence is satisfactory remains. Two aspects ofthe problem are to devise general
criteriato be applied by the program and to listvarious quantities in the program output
by which the user can make a judgment about the degree of convergence. The latter
quantities are described in notes _0] and _1_ of the section Program Operation in ap-
pendix A.
In the TDSN program, convergence of the group source or flux is indicated by the
program if the following conditions are satisfied. First, the mesh interval for which the
largest change in the within-group-scattering source occurred as a result of an inner
iteration is determined. Then the ratio of this change to the total integrated group flux




Second, two integrated quantities are determined. One of these quantities 52 is the
ratio of the integrated change in the within-group-scattering source occuring as a result
of an inner iteration to the total integrated group flux:
(31)







Both 62 and 63 must satisfy a convergence test. Third, if any of the outer boundaries
are reflective, the leakage across the boundary must satisfy a test.
Convergence of the outer iterations is indicated by the program if the following con-
ditions to be tested after each outer iteration are satisfied. First, all the group fluxes
must be converged as determined by the preceding tests. This is an important criterion
since the group iterations are stopped after a specified number of inner iterations in a
given group. Thus, the group flux may not be well converged, and if the group has only
a small effect on the eigenvalue, the tests on the eigenvalue may terminate the problem.
Thus, unconverged fluxes could be included in the output for some groups if this test was
not included. Second, the final growth factor _P must not differ from 1 or its previous
value _P-1 by more than som_ specified amount E:
Third, the change 66
as given by the ratio
I I
in the total integrated scattering loss from one iteration to the next,
G
gik gik Vik





must satisfy a convergence test. For some problems, for which there is no gik '
scattering loss must match the scattering source. Also, if up-scattering scaling is used,
the ratio 67 of the total integrated change in the up-scattering source as summed over
all groups to the total integrated flux must be small:
G
up P P-I
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DISCUSSION OF SAMPLE PROBLEMS
Problems have been selected to illustrate various features of the TDSN program.
Accuracy was tested by comparing results for homogeneous problems with those of refer-
ence 2. The effect of increasing the order of quadrature n is illustrated by the change
in the flux shape with the change in Sn for a sample problem. The effect of the accelera-
tion procedures in TDSN is illustrated by other sample problems.
Carlson and Bell (ref. 2) examine the accuracy of the Sn method by comparing Sn
results for a range of test problems with the results obtained by other methods. For the
purpose of testing the TDSN program, results for the critical dimension R for uniform





Three groups were used with S16 moment modified quadrature and 32 intervals. The
values of c chosen were 1.1 and 1.6. The cross sections for c = 1.1 are given in
table I. Those for c = 1.6 used v2; f of 0.6. Table II gives the percent derivation 5 of
the TDSN results from the exact values quoted by Carlson and Bell.
Also included in the table are results for plane slabs using the quadrature necessary
for the cylindrical problems. This quadrature is the same one that would be used with
two-dimensional problems, and, as the table shows, it has little effect on the plane-
geometry problems. The percent deviations 5 for the three-group problems using the
correct quadratures are comparable with those given by Carlson and Bell for one group
problems in table 5 of reference 2.
Figure 1 shows the scalar flux as a function of radius for a one-group cylindrical-
cell problem with five different material regions. A flat fixed source guess was used in
the outer region, while the cross sections correspond to the thermal cross sections of a
sample physical problem. The boundary condition at the outer radius was the isotropic
return condition. The problem was computed by using moment modified quadratures of
$2, $4, S8, S16 , and $32. The flux shapes for $2, $4, and $32 are illustrated, while
the S 8 and S16 results were nearly identical with the $32 result. The S4 result fol-
lows $32 quite closely, while S2 deviates from $32 in the smaller, scattering re-
gions.
Three different examples will be used to illustrate the effect of accelerating techni-
ques on the number of iterations required for convergence. The first illustrates the ef-









































































Figure 1. - Relative scalarflux as function ofradius for one-groupcylindrical-cell problem.
reflected thermal-reactor problem. The second shows the effect of overrelaxation on a
two-dimensional problem, and the third shows the effect of up-scattering scaling on a
multithermal-group problem.
To show the effect of overrelaxation, a one-dimensional problem with three regions
consisting of a cylindrical fueled core, thin aluminum wall, and water reflector was
chosen with 25 mesh intervals, S4 quadrature and two fast groups and one thermal
group. This problem was chosen as representative of thermal problems that are usually
more difficult to converge than fast-reactor problems. Overrelaxation was first applied
only to the fluxes of the inner iterations. The results are given by curve A of figure 2.
The curve is able to extend beyond o_ = 2 because TDSN only applies the inner iteration
acceleration factor where a certain degree of convergence is maintained. Curves C and D
are the result of also applying overrelaxation to the outer iteration fluxes with the value
of 0_ for the inner iterations held fixed.
Curve B is the result of first applying the given overrelaxation factor to the inner
iterations as soon as the degree of convergence required is attained and then computing
a new group dependent overrelaxation factor by the method of Wachspress (ref. 12) and
applying it as soon as a second degree of convergence is attained.
The number of iterations required for convergence of the fluxes, shown as curve A,
had a minimum of approximately 56 percent of those required for the unaccelerated prob-
lem corresponding to point I. For those cases involving overrelaxation of both the inner
and outer iteration fluxes the minimum was approximately 36 percent of the value shown
as point I.
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Figure 2. - Number of inner iterationsas function of accelerationparameter. Thermal reactor with three
groups and three regions.
two similar problems made up of three radial regions consisting of a cylindrical fueled
core, thin aluminum wall, and water reflector, and reflected axially about the midplane.
Each problem contained 33 radial and nine axial mesh intervals with S4 quadrature and
four fast groups and one thermal group. The first problem was calculated by using w
as 1 for both the inner and outer iterations, that is, the unaccelerated case. The second
problem was calculated by using the method of Wachspress. The number of iterations
required for convergence of the fluxes for the accelerated case was approximately 67 per-
cent of those required for the unaccelerated case.
The effect of up-scattering scaling on a multithermal group problem is illustrated by
a 15-group one-dimensional cylindrical-cell problem with 10 groups that up-scatter. The
inner structure of the cell contains rings of fissionable material and absorbing material
separated by void spaces. One hundred mesh intervals were used to represent the cell,
and an overrelaxation factor of 1.3 was applied to the inner iterations. Without up-
scattering scaling, 3325 inner iterations and 49 outer iterations were required. Using
the scaling required 915 inner iterations and 11 outer iterations. The problems that
used up-scattering scaling converged in less than one-third of the time required without
it. Full-core-radial problems involving flux-weighted cross sections from the cell prob-
lems converged in about one-half the time if up-scattering scaling was applied.
CONCLUDING REMARKS
The most important feature of the TDSN program is the convergence acceleration
achieved from overrelaxation and scaling. Additional savings can accrue by testing group
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convergence to prevent some groups from being converged to a much greater extent than
others.
Sample problems have shown that accelerated problems can converge with about two-
thirds the inner iterations of a nonaccelerated problem with only overrelaxation of the
inner iterations and with less than half of the inner iterations of a nonconverged one-
dimensional problem by using overrelaxation of both the inner and outer iterations. The
effect of up-scattering scaling on multithermal group problems can also reduce the time
required for convergence to less than one-half of that required without it.
Another important feature of the TDSN program permits a problem to be ended after
a given number of inner iterations or a given elapsed time. Any output desired may then
be obtained no matter what stage of convergence has been reached and a restart binary
card dump is punched if requested. H it can be determined that the problem is sufficiently
converged, all the output is available and, if not, the problem can be restarted with the
restart dump. At restart, the convergence and acceleration parameters and output
options desired may be changed.
Details of the TDSN program are given in the appendixes. Appendix A gives the in-
put instructions, output description, and notes on program operations. Appendix B lists
portions of the Set A and Set B quadrature tables of reference 2 in the format required
for TDSN. Appendix C lists the names of program decks required by TDSN along with
their programming language and a brief statement of their purpose. Appendix D is a
listing of the program decks, and appendix E presents the input and output of a sample
problem.
Lewis Research Center,
National Aeronautics and Space Administration,
Cleveland, Ohio, May 2, 1966,





The numbers in brackets in the remarks column designate notes in the section
Program Operation that may be of value to the program user. Each Roman numerical re-
fers to a new card or to a new subscripted variable that may require one or more cards.
The symbol * means to use as much of the card and as many cards as necessary to read
in the subscripted variable. See reference 14 for a description of FORTRAN IV names
and formats, and reference 15 for a description of the operating system and processor.
I. Problem identification cards. These cards may contain any numeric or alphabetic
information in card column 3 to 72. A number in card column one indicates the final
identification card. (The format is I1, lX, 14A5.)
II. BCREAD control card.
Quantity Format Card Columns Remarks




Read in cards HI to XIX (new problem).
Read in BCDUMP for restart instead of
cards III to XIX. [1 ]
Read in 2 cards following the first 2 parts of
the BCDUMP to change some of the controls
on the problem. These two cards are listed
as XX and XXI.
Read in 3 cards following the first 2 parts of
the BCDUMP. The first 2 are the same as
those for KBCRED = 2, while the third card
changes the output to be obtained and is the
same as card VII.
If KBCRED equals 0, go to card HI; if it is equal to 1, go to card XXIII; if it is equal to
2 or 3, go to card XX.
]:II. Control card.
KREG I10 1-10 = 0
=1
A regular flux calculation is performed.







































Calculate the multiplication constant kef f
as the eigenvalue (only option available).
Slab x, y geometry
Cylindrical r, z geometry
Sphere r geometry
No return current, left boundary condition
Plane mirror ("perfect") reflection, left
boundary condition
Same as KLBC for right boundary condition
Isotropic ("white.") reflection, right bound-
ary condition [2]
Same as KLBC for bottom boundary condi-
tion
180 o rotational symmetry, bottom boundary
condition [2 ]
Same as KRBC for top boundary condition
This is the order n of Sn to be used. It
must be an even integer.
The number of energy groups
The number of mesh intervals for the first
direction [3]
A one-dimensional calculation will be per-
formed with one-dimensional quadrature
(for slabs and spheres only).
A one-dimensional calculation will be per-
formed with two-dimensional quadrature
(for slabs and cylinders only).
The number of mesh intervals for the second
direction of a two-dimensional calculation
[3]
The number of different materials to be
used [4]
The number of cross section types per ma-





























Read in total out-scattering cross sections
along with the other cross sections for
KCTYP= 1 or at XVI(4) for KCTYP_ 1. [6]
The cross sections will be in TDSN format
[5]
The cross sections to be supplied in the
format of the RP1 diffusion-theory program
[7]
The cross sections to be supplied in the
format of the DTF and DDF programs [5]
All materials use only P0 cross sections.
At least one material uses P1 cross sec-
tions.
The number of the group to begin the outer
iteration. Almost always 1 (thehighest
energy group) for KREG = 0 and NG for
KREG = 1.
ThepositionofSt(or tr)forg= 1 in
the cross-section matrix. [5]
The position of st in the cross section
_;g--g
matrix. [5]
No buckling of this type is to be used.
Buckling dimensions to be read in by card X
and the KCTR field of P1 scattering cross
section sets should contain 2;tr. [5] and [8]
g
Buckling-loss cross sections are to be read-
in for NMAT materials along with the cross
sections for KCTYP = 1 or at XVIH for
KCTYP _ 1.
No buckling of this type is to be used.
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Print and punch in the output the buckling-
loss cross sections in the first direction to
be used later as the buckling-loss cross
sections in the second direction of another
problem run in a direction normal to the
first problem.
Read-in the buckling-loss cross sections for
the second direction as given by a previous
problem at XVII, and print and punch in the
output the buckling-loss cross sections in






















The maximum number of inner iterations to
be allowed before the problem is stopped;
4000 will be used ff zero is supplied here
[10] and [11]
The maximum number of inner iterations to
be allowed in a group per outer iteration;
20 will be used if zero is supplied here.
[9] and [11]
The number of input zones for the firstdirec-
tion [12 ]
The number of input zones for the second
direction (zero ifNZ = 0 or 1) [12]
Use moment modified quadrature for direc-
tion cosines and weights as calculated by
program.
Read-in direction cosines and weights at
XV.
Use an initialflux guess of constant value
over allmesh intervals and groups as sup-
plied by the program.
Supply a binary card dump of the fluxes of a
previous problem that had the same number
of mesh intervals and groups for the initial





















Supply an initial flux guess at XIX(2)
To be used for KALC _> 1 (not available at
present).
The value of _ to be used for problems
other than KALC = 1. On restart, the final
value of )_ of the previous run is given in
the output.
The eigenvalue to be used for problems
other than KALC = 1. On restart, the final
estimate of the eigenvalue of the previous
run is given in the output.
The convergence criteria for the outer itera-
tions [10]
The normalization factor; the number of fis-
sion neutrons at the beginning of an outer
iteration is normalized to XNF.
The ratio factor used in one of the conver-
gence checks as listed in note [10]
The maximum time in minutes for a problem
to be allowed to run. The problem will be
stopped after the outer iteration, in which
TIMAX was exceeded, has been completed.
Enough time should be allowed on a system
time card to complete an outer iteration and
give all the output requested. If it is zero,
1.5 minutes will be used. [10] and [11]
To be used in conjunction with KALC1.
The relaxation parameter to be used for in-
ner iterations. It is not used unless


























The relaxation parameter to be used in ac-
celerating the outer iterations. It is not
used unless KACCEL = ±2. [11]
No acceleration of the inner or outer itera-
tions
Relaxation of the inner iterations [11]
Relaxation of the inner and outer iterations;
-1 or -2 to calculate aJ_+1 for the inner
iterations by the method of Wachspress
(ref. 12) [II]
Up-scattering scaling will not be performed.
Scaling of the outer iteration fluxes for those
groups that up-scatter will be performed.
No intermediate output is to be printed.
A two-line edit of each outer iteration is to
be printed.
In addition to the preceding, a line edit that
gives the inner iteration relaxation parameter
to be applied during the next inner iteration
in a given group along with convergence data
is to be printed. This is given if overrelaxa-
tion was applied during the iteration.
In addition to the preceding, all the negative
angular fluxes calculated during the last in-
ner iteration in each group are printed out
along with the corrections applied. The
group scalar fluxes must be within approxi-
mately a factor of 10 of meeting the conver-
gence criteria for the print out to be given.
No binary card dump will be punched.
A binary card dump of the scalar fluxes will
be punched for the last outer iteration per-
fomed. It is to be used in another problem
with KFLUXI = -1. [1 ]
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Quantity Format Card columns Remarks
=1
=2
KACAV I10 21-30 = 0
= -1, 1
= -2, 2
A binary card dump for restart will be
punched if the problem stops before the outer
iterations are converged (see H. p. 40).
[1] and [10]
Same as KBCDUP = 1, except that the card
dump will be given even if the problem is
converged. [1] and [10]
No activity or averaging tables is to be given
in the output.
Activity tables will be given in the output
along with disadvantage factors.
Averaging tables will be given in the output
and punched. These tables give flux-
weighted average cross sections by the zones
requested plus a set averaged over all zones
(only given if KREG = 0). [13]
= -3, 3 Both sets of tables will be given
If KACAV D 0 is used, the zones will be by material, and if KACAV = 2 or 3, only the
set averaged over all zones will be punched. If KACAV < 0, a separate zone map for
each type of table requested must be read in at XXIV.
KGAVE II0 31-40 = 0
_0
KNIP II0 41-50 = 0
=1
No group collapsed cross sections will be
given.
The number of groups of collapsed cross
sections. The identification numbers must
be read in at XXHI. Punched output is given.
If averaging tables are requested, the same
zones will be used. If averaging tables are
not requested, the collapsing will be done by
materials. The collapsed cross section
2_st will not be correct if n -- 2n scatter-
g-*g
ing is present (only given if KREG = 0). [13]
No flux integrals are punched or effective
axial bucklings printed in the output.
The fluxes as integrated for each material













Same as KNIP = 1 plus the axial leakage
probability per unit flux (axial leakage/flux)
is printed by group for a two-
dimensional problem.
EDIT subroutine will not be used. The EDIT
subroutine gives activities, flux integrals,
and flux-averaged cross sections over groups
and mesh intervals to be specified at XXV(2)
for cross sections as specified by KEDIT.
Cross sections by group to be used by the
EDIT subroutine must be read in at XXV(3)
The EDIT subroutine will use the absorption
cross section of the problem.
The fission neutron cross section of the
problem will be used.
The total (or transport) cross section of the
problem will be used.










The first buckling dimension which is the
second dimension of a one-dimensional prob-
lem and the third dimension of a two-
dimensional problem.
The second buckling dimension should be
zero except for one-dimensional slabs.
If buckling factor is zero, 7r/-_ will be
used. [8]
card of this type is included for each of the
The number of mesh intervals in the zone
The distance from the left boundary of the
problem to the outside boundary of the zone
The material identification of the zone (not
used if NZONEZ is greater than 1 [4]
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XII. Specifications for second dimension. (No cards are included here unless NZ is
greater than 1. ) One card of this type is included for each of the NZONEZ input zones.
Quantity Format Card columns Remarks
NMI I5 1-5
RMI El0.6 6-15
The number of mesh intervals in the zone
The distance from the bottom boundary of the
problem to the upper boundary of the zone
XHI. Material specifications for problems for which NZONEZ is greater than 1. (No
cards are included here unless NZONEZ is greater than I.) One card(s) of this type is
included for each of the NZONEZ input zones.
MID 7110 1 -I0, * The material identification as described in
note [4]; NZONER values are included per
card(s).
XIV. Fission spectrum.
XKI 7El0.6 1-10, * NG values are included to give the fission
spectrum X by energy group. The sum
should be 1.
XV. Direction cosines and weights. (No cards are included here if KDREAD = 0.) ND
values are included for each function. [14]
(1) DR 7El0.6 1-10, *
(2) DZ 7El0.6 1-10, *
(3) W 7El0.6 1-10, *
The direction cosines to the first direction
The direction cosines to the second direction
(no cards are included if NZ = 0 or 1).
The direction weights (which must add to 1).
XVI. Cross sections for each material included here.
(I) If KCTYP = 0, use this format. NG sets of cards for each material (P1 mater-
ials counting as 2 materials) are included here with a set covering only one energy group.
C 7El0.6 1-10, *
(2) If KCTYP = 1, use this format.
each material. [7]
See note [5] for description.
Three different sets of cards may be included for
(a) The first set of cards is given as follows and contains NG cards:
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v_; f El0.6 31-40
BUCKG El0.6 41-50
The diffusion coefficient
The absorption cross section that will be put
in the C a position.
If (NTYPS - KCGG) = 1, this is the scatter-
ing removal cross section and will be put
into the first (and only) C d°wn position. If
N2N = 1, this is the total out-scattering
cross section CN2N. [6]
The fission neutron cross section that will
be put in the Cf position
If NBUCK is greater than zero, the effective
buckling cross section is included here.
When multiplied by the flux it will yield the
transverse leakage.
(b) IfNDOWN = NTYPS - KCGG is greater than I, or ifNUP > 0, the second set
of cards consists of the down-scattering cross sections for the material and are in-
cluded here.
'/E 10.6 1-10, * Zg--g+l' Zg--g+2' _'g--g+3'etc., untileither
NDOWN values have been given or _g-NG
has been reached.
(c)IfNUP = KCGG - (KCTR + I) is greater than zero, the third set of cards con-
sists of the up-scattering cross sections for the material. The cross sections start
for the scattering out of the (NG -NUP + 1)-thgroup to the NS = (NG - NUP)-th
group.
zup
7EI0.6 I-I0,* _g-g-l' _g--g-2' etc., until _g-NS has
been reached.
The cross sections for the next material are then given. In each case the cross
sections are put in positions as specified by note [5] by the program to work the
problem. Also _g_g is computed for each material and put in the Cg-g position.
No activity cross sections can be included. [7]
(3) If KCTYP = 2, use this format. The order of the cross sections on the cards is
the same as that for XVI(1), but the cross sections are divided into sets only by material
and not by material and group with C act for the next group (C a if KCTR = 3) beginning
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in the next field following the final down=scattering cross section of a given group. The
format is 6F12.7. This is the same format as used by DDF and DTF (ref. 16). [5]
(4)IfN2N = 1 and if KCTYP _ I, the totalout scattering cross sections are supplied
here before the next material is included under (1)or (3).
Quantity Format Card columns
CN2N 7El0.6 I-I0, * NG values [6]
Remarks
XVH. Effective buckling cross sections if LBUCK = 1 included here.
NG values of BUCLK are given. Each value
when multiplied by the flux will yield the
transverse leakage by group.
BUCLK 7El0.6 1 -I0, *
XVIII. Effective buckling cross sections if NBUCK = 1 included here for KCTYP ¢ 1.
NMAT sets of cards are included. XVII and XVIH should not both be used for the same
7El0.6 1-10, * NG values of BUCKG are given in each set.
The second set for P1 materials should
contain zeros. Each value when multiplied
by the flux will yield the transverse leakage
by group and material.
problem.
BUCKG
XIX. Initial flux guess (no cards are included if KFLUXI = 0).
(1) The binary card dump of the fluxes of a previous problem with the same values of
NG, NR, and NZ is included here if KFLUXI = -1.
(2) If KFLUXI = 1, the flux guess is included here.
N is the number of successive intervals at
which to use X for the flux guess. The sec-
ond value of N (appearing in card columns
16 to 20) gives the number of successive
intervals at which to use the next value of X
(appearing in card columns 21 to 30), and so
forth. If N becomes zero before NR times
NZ values have been given, the remaining
values for the flux guess are set equal to
zero for the group. Repeat for other groups
as desired.
N, X 5(I5, El0.6) (1-5, 6-15), *
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If KBCRED = 0, go to XXIH since the following cards are used only for a restart.
XX. Restart control card for KBCRED = 2 or 3.
Quantity Format Card columns Remarks
ITMIMX I10 1-10
ITMIGM I10 11-20
Same as for card VI [11]
Same as for card VI [11 ]







Same as for card VII
Same as for card VII [11]
Same as for card VIII [11]
Same as for card VHI [11]
Same as for card VIII [11]
Same as for card VIH
XXII. Restart output control card for KBCRED --3. This card is included only if
KBCRED = 3 and is the same as card IX.
The following cards are for special edits and are utilized only after the problem has been
completed.
XXIH. Collapsed group identification numbers. Cards are included here if KGAVE _ 0.
IDOP 7II0 1-i0, * Include NG numbers identifying the KGAVE
collapsed group to which each group belongs.
XXIV. Activity table and flux-weighted averaging table identificationnumbers (cards are
needed ifKACAV is negative).
(1) The map for the activity table. Cards are needed if KACAV = -1 or -3.
(a) The number of output zones
NZONRA II0 1-10
NZONZA II0 11-20
The number of output zones in the first direc-
tion (maximum of 50). [12]
The number of output zones in the second
direction (zero for a one-dimensional prob-
lem; (maximum of 30). [12]
(b) Mesh interval map.
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Quantity Format Card columns
NMRA 7Ii0 1-I0, *
(c) Include this card if NZONZA _ O.
NMZA 7II0 1-I0, *
Remarks
The number of mesh intervals for the first
direction to be included in each output zone.
Include NZONRA values.
The number of mesh intervals for the second
direction to be included in each output zone.
Include NZONZA values.
(d) The identification numbers for the zones. Include NZONZA sets of cards (one
set if NZONZA = 0).
IDM 1415 I-5,* Include NZONRA values per set of cards
identifying which zones (and thereby mesh
intervals) are to be combined in obtaining
the activity table. Zones with the same
value of IDM will be combined.
(2) The map for the averaging table. No cards are included here unless
KACAV = -2 or -3. If KACAV = -3 both XXIV(1) and XXIV(2) must be included. The ex-
planation of the input is the same as under XXIV(1).
XXV. Input for EDIT subroutine if KEDIT _ 0.
NISET I10 1-10 The number of activity edits (integration sets)
to be performed.
(1) The number of integrals to include in a given edit set (INT has a maximum of 200).
INT I10 1-10 This card will be read in NISET times.
Cards (2) and (3) are included in order INT times following each card (I).




The upper limit of the groups to be included
in a given integral
The lower limit of the groups
The left limit of the first direction mesh in-
tervals to be included in a given integral
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The lower limit of the second direction mesh
intervals to be included in a given integral
(one for a one-dimensional problem).
The upper limit (one for a one-dimensional
problem)
The group cross section to be used in the
integration. Include one value (on separate
cards) for each group within the limits IG1
and IG2.
DescriptionofOutput
Each Roman numeral refers to a new section of output. The numbers in brackets
again refer to notes in the section Program Operation.
I. Input title and control cards. LAST is the storage required for the subscripted
variables of the 17 500 available, and LAST1, LAST2, LAST3, and LAST4 are
the storages required by each of the first four overlays for these variables.
H. Dimension specifications by zone as included in input and by mesh interval as calcu-
lated by program. Only the latter is given on restart from a binary card dump.
HI. Material specifications MA by mesh interval beginning with lower left mesh
interval. [3]
IV. Fission spectrum input X, XKI.
V. All cross sedtion input in TDSN format. IfKCTYP = 1, this is preceeded by the
cross sections in their input format. Only the TDSN format is given on restart.
VI. IfLBUCK = 1, effectivebuckling cross sections BUCLK are listed; ifNBUCK = 1,
effectivebuckling cross sections BUCKG are listed.
VII. Total out-scattering cross sections axe listedby group.
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VIH. Volumes of mesh intervals as calculated by program are listed beginning at
lower left corner. [3]
IX. Direction functions as included in input or as calculated by program are listed.
X. If ITMPRT > 0, two lines of intermediate output for each outer iteration are














Number of outer iteration
Total number of inner iterations performed [11]
Maximum number of inner iterations performed in a group
during outer iteration
Number of inner iterations per outer iteration
Total time required to perform iterations in minutes; time
starts over on restart [11]
Convergence criterion for inner iterations [9]
Maximum change in within-group-scattering source (or in the
collision removal) that has occurred for last inner iteration
in a group [9]
If KSISO = 1, KASOR > 0 indicates an adjustment was made to
P1 source for final inner iteration in a group; value of
KASOR is number of groups in which adjustments were
made; KASOR must be zero for convergence
Equal to 0, problem unconverged and continuing to run; equal
to 1, problem unconverged but stopped by iteration count
(ITMIMX); equal to -1, problem unconverged but stopped
by TIMAX; equal to 2, problem converged [10]
Number of groups that did not converge during the inner itera-
tions (see XIV. [9] and [11D
Neutron balance as given by note [6]; if large, after con-
vergence, an error such as in cross sections or in setting
a large number of negative angular fluxes to zero is indi-
cated
Eigenvalue _ that must be within EPS of 1 for convergence,
and within EPS of previous value of
keff
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The second line of the two-line output is as follows:
UPS2 Up-scattering error; sum of absolute change in up-scattering
source over all mesh intervals and groups from before
and after an outer iteration; not used if KUPS = 0 [9]
XNG(NGP1) Total flux over all mesh intervals and groups
SING(NGP1) Total in-scattering source over all mesh intervals and
groups [9]
SDG(NGP1) Total out-scattering loss [9 ]
AG(NGP1) Total absorption [9]
HNLG(NGP1) Total leakage along first direction [9]
VNLG(NGP1) Total leakage along second direction [9]
XNLG(NGP1) Total leakage including HNLG, VNLG, and any buckling
losses [9]
XI. If ITMPRT > 1, the following line is listed during each inner iteration in which
overrelaxation has been applied:
GROUP Group to which acceleration was applied
ITMIG Inner iteration for which acceleration was applied
FLUX ERROR If KACCEL > 0, this is the larger of 52 and 53 (EPGX)
(see note [9]) of previous iteration of group; if
KACCEL < 0, this is the integrated absolute change in
scalar flux that occurred during present iteration
i,k
ERROR RATIO If KACCEL < 0, this is 2 of equation (28) which is ratio of
present FLUX ERROR to previous iteration FLUX ERROR
FORMER RATIO If KACCEL < 0, this is ERROR RATIO of previous iteration
FACTOR If KACCEL < 0 and two ratios axe within 0.005 of being
identical, this is the parameter c_ of equation (28) that
is used to compute new overrelaxation factor aru+l.
OMEGA Value of overrelaxation factor cop+I to be used for next
inner iteration in group
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XII. If ITMPRT = 3, information will be printed out if negative values are obtained in
applying the recursion relation to obtain angular fluxes at mesh cell and quadra-
ture boundaries. This information is only printed out if the group scalar fluxes
are within about a factor of 10 of convergence and for the last inner iteration in
a group. The information given is a number indicating the type of angular flux
that was negative (1310 for mid-mesh cell, mid-quadrature fluxes, 1340 for
fluxes on the second-direction boundaries of mesh cells, 1355 for those on
quadrature boundaries, 1375 for those on first-direction mesh-cell boundaries
on inward passes, and 1390 for outward passes), the value that the flux was ad-
justed to, the value it had before being adjusted, the quadrature direction in-
volved, the mesh interval involved (starting with 1 in the lower left corner and
ending with NR times NZ for the upper right corner), the lethargy group in-
volved, and the number of the inner iteration being performed.
XHI. The first line of the output described under X is listed for the final outer iteration
perform ed.
XIV. If KFINISH > 0, NG values of KFING are listed indicating the status of each group.
A zero means the group converged, -1 means EPGX for the group was less than
one-twentieth of the previous outer iteration EPGM, 1 means that the number of
group iterations had become equal to the maximum allowed. [9]
XV. If KASOR > 0, NG values of KASORG are listed indicating the number of mesh
intervals in each group at which an adjustment was made in the P1 source.
XVI. The mesh interval in which the greatest change in the within-group-scattering
source ESIJM occurred for the last inner iteration is listed under MXVARI. [10]
XVII. This mesh interval listing is followed by the values of ESIJM which is the ratio of
the actual change in the within-group-scattering source to the flux integral for
the group.
XVIII. A number of labeled quantities are listed next by group with the last value being
the sum over all the groups. Each quantity represents a sum over all the mesh
intervals. Many of the quantities lose their meanings for an adjoint calculation.
XIX. The next set of quantities (F, XN, XJR, and XJZ) are listed by mesh intervals and
have been normalized so that the maximum value of the flux will be 1. The re-







Production rate per unit volume
Scalar flux _ by group
IfKSISO = 1, the current in the firstdirection is given by group.
IfKSISO = 1 and the problem is two dimensional, the current in the
second direction is given.
XX. If KNIP = 1, flux integrals over the range of each material will be listed and
punched on cards (in 7F10.6 format). (For the Pl portion of P1 materials,
the net two-dimensional current integral is listed and punched. ) If KNIP = 2,
the effective buckling cross section for the transverse direction is also listed by
group. This is the leakage in the transverse direction divided by the flux as
integrated over all mesh intervals.
XXI. If LBUCK = -1 or 1, an effective buckling cross section for the first direction is
listed and punched (in 7F10.6 format) by group. This is the leakage in the first
direction divided by the flux as integrated over all mesh intervals.
XXII. If KACAV = -3, -1, 1, or 3, activity table output will be listed.
(1) If KACAV is negative, the activity table input map is listed by mesh inter-
val.
(2) An activity table for each region specified by the activity table map (either
as at XIX(1) or as at HI) with negative identifications yielding successive
P0 and P1 activity tables. Then a table for all the mesh intervals
specified by the map is presented (one for P0 and one for P1 if
KSISO = 1 and negative identifications have been included in the map. )
These tables are integrals of Z_V (ZJV, if P1 ) for each region listed
and for each cross section Z included in the input and are listed in the
same format as that used for the TDSN cross sections. The final value
for each group is the flux integral for the group. The final line (or set of
lines) is the sum over all the groups. The flux % used for the scattering
cross sections is that required to obtain the source.
(3) Disadvantage factors are listed by group for each region. These are the
ratio of the flux integral for the region to the volume of the region divided










means to stun over those mesh intervals i,k contained in
XXIH. If KACAV = -3, -2, 2, or 3, averaging table output will be listed and punched
and/or, if KGAVE is greater than zero, collapsed group output will be listed and
punched (only if KREG = 0).
(I) IfKACAV is negative, the averaging table input map is listedby mesh inter-
val.
(2)Averaging tables similar to the activitytable described by XXII(2) are
listed. These are flux-weighted tables. If P0 and P1 material re-
gions are combined, the average St obtained will be a combination of
the St of the P1 region and the _tr of the P0 region. This will also
occur in the finaltable covering allthe mesh intervals in the map. If
KACAV is negative, punched cards are also given for each region and for
the finalcombined region. IfKACAV is positive, punched cards are
given only for the finalcombined region since the cross sections for the
other regions will be justlike the input.[13]
(3) If KGAVE is greater than zero, the collapsed group identification numbers
are listed.
(4) If KGAVE is greater than zero, collapsed group cross sections are listed
and punched for each region in the map. [13]
XXIX. If KEDIT is greater than zero, the edit output is listed.
(1) Edit input is listed for each integration set.
(2) For each integration set, the activity, flux integral, and flux-weighted
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cross section (activity/flux integral) are listed for each specified integra-
tion limit along with the final values for the entire set.
Program Operation
[1] The binary card dump for restart consists of three dumps. The first of these is
the program COMMON (ref. 14) and contains 10 cards. The second dump contains the
subscripted variables required for restart except for the fluxes and currents. The num-
ber of cards depends on the problem. The third damp contains the fluxes and currents.
If KSISO = 0, only fluxes will be given and the number of sets of cards will be NG. These
cards may also be used for the flux guess with KFLUXI = -1. If KSISO = 1, the sets con-
sist of the fluxes _3_1), first-direction currents (XJR) and, if NZ > 1, the second-
direction currents (XJZ) for each group in order. Thus, if the fluxes are desired for a
flux guess they must be separated from the currents.
[2 ] Plane mirror reflection represents a symmetry boundary condition that does not
apply to curved outer boundaries. Isotropic reflection is more realistic for many cell
problems (ref. 5), and its use is recommended for curved boundaries.
For 180 ° rotational symmetry, the mesh below the diagonal must be such that it can
undergo a rotation through 180 ° about the midpoint of the configuration and duplicate the
mesh above the diagonal. Taking advantage of the symmetry by solving only that portion
of the configuration above the midpoint requires that the mesh spacings in the first direc-
tion must be symmetric about the midpoint of the new bottom boundary.
[3 ] The number of mesh intervals required can be determined by a rule given in
reference 2. This rule states that the ratio of the average flux for adjacent mesh inter-
vals to the absolute difference of these fluxes should be approximately equal to the order
of quadrature n for important regions and groups. For instance, for S4 the ratio
should be approximately 4. If the ratio is much smaller than n, too few mesh intervals
have been used, and if it is much larger than n, more mesh intervals than required have
been used.
Another criteria has been that S t Ar or _t Az should be less than or equal to 1.
However, this criterion seems to be unnecessarily stringent and has not been required
for problems calculated by the author.
The mesh layout for a two-dimensional problem is given in figure 3 that shows the
mesh numbering scheme used.
[4 ] The materials are identified by the order in which they occur in the input with
the P1 matrix of P1 materials counting as a separate material. Thus, the total num-
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Figure 3. -Mesh layoutshowing
meshnumberingscheme.
[5] Cross sections
order for any one group.
act
known as activity cross sections 2;g
tables in flux integrations such as
To identify the material to be used in a given input
zone (MID), the position in which it occurs in the input is
used. P1 materials are identified by using the negative of
the input position for MID. For example, if the fifth set of
cross sections in the input is a P1 material, it would be
identified by -5 for MID. This would mean that the sixth
set of cross sections would be the P1 scattering matrix
for material 5. The next allowed value of MID would be 7.
If material 5 is the last material to be included in the input,
NMAT becomes 6 to correspond to the number of sets of
cross sections in the input.
C for Sn programs have usually been arranged in the following
The first cross sections (if any are used) for the group are
and are only used in the program output in the
= _ zact _ dv
Ag'v Jv g,v g,v
Following the activity cross sections (or the first in order if there are no activity
cross sections) comes the absorption cross section 2;a. This cross section is used to
compute neutron balance but is not used in the actual flux iterations.
4_
In the next field occurs v times the fission cross section v2;_ followed by the total
cross section 2;t (or 2;_ if the transport approximation has been _'used). The field con-
taining 2;tg is de_signate_ by KCTR.
The za and v2; f fields are not used for the P1 scattering cross sections of a P1
6
t field unless a buckling cross section based on the reactor
material and neither is the _.g
dimensions (NBUCK = -1) is to be obtained. Then this field should contain _tr to beg
used in obtaining the buckling cross section.
The scattering cross sections in the usual Sn order represent the scattering into
the group rather than the scattering out of it. Positions for the same number of cross
sections are allowed in each group so that there are fields provided for some nonexistent
cross sections and these should contain zeros. The field containing the within-group-
scattering cross section 2;g_g is designated by KCGG, while the total number of fields
required for all the cross section input for any given group is given by NTYPS.
If there is any up-scattering, the number of fields allowed for each group is
NUP = KCGG - (KCTR + i) with the _'g+l-g cross section occuring in the field just
t and the others in
before 2;g_g, the 2;g+NUP-g cross section occuring just after 2;g,
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order between these two. For any particular group, the cross sections for the left most
fields (or for all the fields) may not exist.
The down-scattering cross sections allowed for any group is NTYPS - KCGG with
the _'g-l--g cross section occuring in the field immediately following _g..g. No down-
scattering cross sections will exist for the first group and only one for the second group,
etc., until all the fields are filled for group NTYPS - KCGG + 1. The entire cross sec-
tion array over all groups and materials is stored in the program array C.
_act _a L.f=, _tFor P1 material, the first set of cross sections contains _g , g, v_ g, and
the total scattering array for all groups, while the second set of cross sections contains
tr if
_aCtg (to be integrated over the current) and the P1 scattering array and _g
NBUCK = -1. For KCTYP = 0, the 2_ + 1 multiplier must be included in the P1 scat-
tering matrix. For KCTYP = 2, the P1 scattering matrix will be multiplied by 2_ + 1
by the program before being stored in the C array, and the 2_ + 1 multiplier must not
be supplied in the cross-section matrix.
[6] If a problem contains materials that involve n -- 2n scattering, the total scat-
r must be included in the problem input as CN2N for usetering removal cross section _g
in computing the neutron balance. The reason is that the total P0 scattering matrix
contains the extra neutrons that result from the n - 2n scattering and would yield too
large a value for neutron loss if it were obtained by summing the scattering matrix as if
it represented the scattering out of a group.
The total scattering removal _r is defined byg
G
r g_lfZS0 in +_g__--2g_1Zg= = _g_g, +Zg_g,
g'_g
The neutron imbalance per group is computed by the program as the difference be-
tween the fixed source to the group before the inner iterations for the group and the
losses from the group by absorption, scattering removal, and leakage from the system as
computed after the inner iterations. The output quantity XNB(NGP1) is the ratio of the
sum over all groups of the group imbalance to the "power level" XNF.
[7] If the cross sections are supplied to the program in the form of diffusion cross
sections (KCTYP = 1), _tr and must be computed and the whole array rearrangedg _g-g
before being stored in the C array. Both these operations are performed by TDSN:
tr .
Zg is calculatedtra aSr 1/(3D_,),_ whiler. _g--g is computed to give balance as
Z;g_.g = Zg - Z_ _- Z, where _.g is the scattering removal from the group. If there is
no n - 2n scattering (N2N = 0), _r is obtained by summing the down- and up-scattering
5
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out of group g. If there is n - 2n scattering, the scattering removal cross section
must be included in the input as CN2N (see note [6 ]).
Since the cross sections are diffusion program cross sections and are rearranged to
be transport approximation Sn cross sections, P1 scattering cannot be allowed, and
KSISO must be zero.
[8] If buckling dimensions are supplied, buckling-loss cross sections are computed
by the program as
B 2 _tr
(ztrH + 2_)2
where B is the buckling factor, H the buckling dimensions, and V = 0. 71045608. The
buckling factor is _/-d_ for plane boundaries and 2(2. 405/-¢_) for cylindrical bound-
aries. For cylindrical boundaries, H is the diameter.
[9 ] The inner iteration convergence in the TDSN program may be seen through
various quantities listed after each outer iteration and others listed after the last outer
iteration.
The first of these is EPGM; the largest (considering all groups) of the quantities 52
and 53 given by equations (31) and (32). If this value of EPGM is larger than EPG, the
problem is not converged. The amount of change in this quantity from one outer iteration
to the next is an indication of the rate of convergence.
If either the top or right boundaries are reflected (KTBC or KRBC equal 1 or 3), the
leakage across the boundary must be less than EPG/8 for convergence to be indicated. If
either of these boundaries is not reflected, the values of the total leakage across these
boundaries (VNLG and HNLG) and of the net leakage (XNLG) summed over all groups is
of interest in determining the amount of convergence of the boundary fluxes. Changes in
these leakages as the outer iterations proceed indicate that the fluxes at the boundaries
have not converged.
If up-scattering scaling is used (KUPS _ 0), 57 of equation (35) must be less than
EPS for the outer iterations to be considered converged. This quantity should decrease
as convergence proceeds and is UPS2/XNG(NGPI).
Other quantities that may be seen in the output to indicate convergence are
SING(NGPI), SDG(NGPI) and AG(NGPI). All three should cease to change as convergence
proceeds and, ifKREG and N2N equal zero, SING(NGP1) and SDG(NGP1) should be equal,
within EPS_ for convergence.
Ifinner iterationconvergence for any group is not indicated for the last outer iter_-
tion, the inner iterationsmay have been terminated for either of two reasons. First,
because EPGX (themaximum of 52 and 53 of eqs. (31) and (32))has become less than
one-twentieth of the previous outer iteration EPGM or second, because convergence was
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not indicated within the allowed number of inner iterations ITMIGM. The quantity that
indicates this lack of convergence after each outer iteration is KFINISH; the number of
groups not satisfying all the convergence tests. Group convergence is required
(KFINISH = 0) before the problem is considered to be converged.
[10] The outer iteration convergence in the TDSN program may be seen through the
quantities listed after each outer iteration, as in note [9_ and in quantities listed only
after the final outer iteration.
First, the mesh interval MXVARI for which the largest change in the within-group-
scattering source occurred as a result of the last inner iteration in a group is determined
and listed. Then 51 given by equation (30), the ratio ESIJM of this change to the total
integrated group flux XNG, _s found and listed. This quantity must be less than EPG/100
for group convergence to be i_ndicated.
Another quantity listed that is concerned with the group convergence is KFING which
gives by group, if KFINISH was_greater than zero, the reason why the groups were not
converged. Here -1 indicates that EPGX for the group was one-twentieth of the previous
outer iteration EPGM, and 1 indicates that all the allowed inner iterations were performed
for the group. KFING = 0 indicates convergence.
The outer iteration convergence tests are given by equations (33), (34), and (35) with
54, 55, and 57 compared with EPS. However, a form of 56 given by the ratio of the
total out-scattering loss SDG to the total fission source FG for the previous outer itera-
tion divided by the same quantity for the present outer iteration must be within EPS/RYF
ofl.
If these tests are not met, the problem will continue unless stopped by either of two
checks. The first of these is that the total number of inner iterations ITMI exceeds the
maximum number allowed ITMIlVLX. The second check is that the elapsed time TIMEX
required to perform the problem exceeds the maximum allowed time TIMAX. If ITMI
exceeds ITMIMX, KONV is set equal to 1 and the problem terminates, or if TIMEX ex-
ceeds TIMAX, KONV is set equal to -1 and the problem terminates. In either case, all
the requested output is then given along with a restart dump if requested by KBCDUP.
[11] Certain parameters of the problem can be changed on restart as listed for cards
XX, XXI, and XXH of the input. They include parameters affecting the problem conver-
gence such as the number of inner iterations to allow per group (ITMIGM), the amount
of overrelaxation to use, and the use of up-scattering scaling.
It is recommended that ITMIGM be small (about 10 to 20) initially. This enables the
fixed portion of the group source to be updated more often and avoids wasting time con-
verging group fluxes while using a grossly inaccurate source guess. As the source be-
comes converged, the number of inner iterations allowed per group can be increased.
The relaxation parameters to be used are problem dependent. Therefore, the param-
eters that will yield the fastest convergence must be determined for any given class of
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similar problems. In general, however, the larger the number of mesh intervals and
the less converged the fluxes, the closer the inner iteration parameter OMEGA should be
to 1. The size of the problem to which the outer iteration parameter OMEGAP is applied
is also related to the number of energy groups. Usually OMEGAP should be closer to 1
than OMEGA.
The program does have test procedures so that some convergence must be attained
before overrelaxation will be applied. Also, some degree of convergence must be main-
tained to continue the application of the relaxation parameter. However, too large a
value of the parameter will, for those iterations in which it is applied, override the con-
vergence achieved during the iterations in which it was not applied.
For negative KACCEL, a new inner iteration overrelaxation factor is computed by
the method of Wachspress (ref. 12) by the program after further convergence of the group
fluxes is attained, and this parameter is then used for the rest of the iterations in the
group. The process is repeated during each outer iteration.
The total number of inner iterations ITMI and time required TIMEX is roughly pro-
portional to the average number of neutron collisions per neutron lifetime (ref. 2). Con-
vergence will be slower in regions with longer lifetimes, and problems containing such
regions, such as problems with large voids or reflectors, may be expected to require
more inner iterations to obtain converged fluxes. These regions may have relatively
small effect on the eigenvalue, however. If this is the case, the problem will not need to
be restarted if only the eigenvalue is desired.
[12] An input zone is a region with constant mesh width and only one material. If
either the mesh width or the material changes, another input zone is required. An output
zone is a region with only one value of the output identification number. The output zone
is not dependent on mesh width, and different materials can have the same identification
number if they are to be combined in the output.





for those mesh intervals i,k over which the average is to be obtained. For the scatter-
ing array, the average cross section _g,..g is obtained by replacing 2;gik by
2;g,_g, i, k and _gik by Cg,,i, k" The average scattering removal cross section is ob-
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tained in the same way as Zg, and the within-group-scattering cross section is obtained
by neutron balance so that
- -t -a _ _r
2;g_g = Zg - _g g
The cross section _g_g is obtained so that --SZg= _rg + _g_g and will be incorrect for
computing the scattering source if n - 2n scattering is present.
Collapsed group cross sections, except for the scattering array, are obtained in the
same manner as flux-weighted cross sections with the summations over the groups to be
collapsed rather than the mesh intervals. The scattering array is obtained so that the
in-scattering source to the collapsed group is the sum of the sources to the groups to be
collapsed from the other groups. The collapsed-group-scattering removal is computed
by summing the appropriate terms from the collapsed-group-scattering array and will be
incorrect if n -- 2n scattering is present. The within-collapsed-group scattering is
computed similar to that for flux-weighted cross sections by neutron balance. If n - 2n
scattering is present the within-collapsed-group scattering will be incorrect both because
the scattering removal is incorrect and because of the balance technique.
[14] The number of directions ND for which direction cosines and weights are sup-
plied in the input depends on the geometry of the problem and the order n (NSN) of the
quadrature. For two-dimensional problems (NZ > 0) or for one-dimensional cylindrical
geometry, ND = NSN(NSN + 4)/4. For one-dimensional slabs and spheres_ ND = NSN + 1.
Note here that one-dimensional slabs can be treated as two dimensional as far as quadra-
ture is concerned by setting NZ = 1.
For two-dimensional problems, the ND values of the weights (W) should add to 1.
The actual number of directions used by the program is twice that of ND and includes the
downward directions as well as the upward directions included in the input. The weights
are halved by the program to account for the extra directions.




The projection invarient sets are given in the following tables, where DR is the
cosine in the R-direction, W is the weighting factor, and DZ is the cosine in the Z-
direction
PROJECTION INVARIANT SET A (REF. 2)
Quadrature One-dimensional set Two-dimensional set
DR W DR DZ W
S 2 -I.0 0 -0.81649660 0. 57735027 0
-.57735027 .5 -.57735027 .57735027 .5

































































































Quadrature One -dimensional set Two -dimensional set



























































































PROJECTIONINVARIANT SETB (REF. 2)
Quadrature One -dimensional set Two -dimensional set
DR W DR DZ W
S 2 -1.0 0 -0.81649660 0. 57735027 0
-.57735027 .5 -.57735027 .57735027 .5





































The program decks required by the TDSN program as used on the Lewis Monitor
System, are listed. The output of the sample problem in appendix E also gives a listing
of the subroutines used by TDSN as well as subroutines provided by the Lewis Monitor
System.
Deck name Language Purpose
TDSN FORTRAN IV
TIME1 MAP
To call the overlays
To read the storage cell clock• Time re-
turned is in clock pulses, which are 1/3600
of a minute each. This subroutine is system
oriented. Other users will need to change
the program to call their own subroutine or
write a dummy subroutine to return a zero
when called•











To read in the nonsubscripted input and cal-
culate the storage locations for the sub-
scripted input
To read in the subscripted input variables
To obtain Sn format cross sections from
diffusion format input
To compute various quantities required for
every iteration
To read absolute binary cards (maximum of
22 words per card) from a previous problem
dump
Used by BCREAD
The second overlay is as follows:










The third overlay is as follows:
DUMPBC FORTRAN IV











To compute the correction factor to be ap-
plied to the currents and angular boundary
fluxes if overrelaxation has been applied
To compute the production neutron density
and the new _ and to renormalize to cor-
rect the power level after each outer itera-
tion
To compute that portion of the source that
remains fixed within the inner iterations
Contains the inner iteration loop and conver-,
gence tests
To look up the within-group-scattering cross
secUon and the total collision-loss cross
section
To compute the angular fluxes and the new
scalar flux and current
To give restart and flux and current binary
card dumps
To punch data in absolute binary (maximum
of 22 words per card)
Used by BCDUMP
To give the output after the final outer itera-
Uon consisting of integrated quantities and
the production rate, fluxes, and currents
To set up to give the activity and averaging
tables
To read in output identification maps to be
used by TABLES
To call subroutines required and to list the
results for the tables requested
To compute sums of activities and fluxes









To compute flux-weighted average cross sec-
tions
To compute flux-weighted collapsed-group
cross sections
The fifth overlay is as follows:
EDIT FORTRAN IV To compute activities, flux integrals, and
average activities for a specified cross sec-
t.ion and over specified groups and regions
Also, it should be noted that the Lewis Monitor System has the following off-line








Single space before printing rest of line.
Double space before printing rest of line.
Triple space before printing rest of line.
Space suppress.
Punch the line instead of print.
Print and punch this line.
For the first four control characters, the character must be counted as one of those
being printed, but for the last two, the format is given as if the control characters were
not a part of the format statement. The last control character is actually • followed by
a blank to make up the complete control symbol. If these characters are not available in
the operating system to be used, then other FORTRAN IV statements must be included in



















A TWO DIMENSIONAL S(N} TRANSPORT CODE,
COMMON X
COMMON /CALL1/ KCHAINt KENDt KEFN
COMMON /CALL2/ KBCRED,
I KREG, KALC, KGEO, KBBC, KTBC, KLBC_
2 KRBC, NSN, NG, NZ,
3 NR, NTYPS, NMAT_ LBUCK, KCTYPt
4 KSISO, KGST, KCTR, KCGG, KDREAD, KFLUXI,
5 ITMIMXt ITMIGMt NZONER, NZONEZt
6 KACCEL, KALCI, NFN, N2N, ITMPRT_
7 KBCDUP, KACAVt KGAVE, KNIP, KEDIT_
8 GLAM, EIGEN, EPS_ xNFt
9 RYF, TIMAX, CALCI, OMEGA, DMEGAP
COMMON /CALL3/
i HZ, HY, BF,
2 KCA, KCF,
3 KONV, KFINSH, KASOR, KUPS,
4 NBF, ND, NGPI, NZPl, NRPI,
5 NIJ, NTYNG, NDNZ, NDNR_ NDNIJt NDNZNG_
6 NXNZS, NAR, NC, NIJG9 NBUCKt
7 ITMA, ITMI, ITMIST, ITMIGX, ITD,
8 NEGSOR, LZSAV,
9 TIMEX, TIHEZ, SDGFGI9 SCALUP
COMMON /CALL4/ EPG, EPGX, EPGM, EPGMPt
I OMEGAS, DMEGPS,
2 EXTRAI, EXTRA2, EXTRA3, EXTRA4_ EXTRASI
3 KxTRAI, KxTRA2, KXTRA3, KXTRA4t KXTRA5
COMMON /cOUTER/ KDR, KDZ, KMR, KW,
I KNI, KNO, K1809 KWHITEt KNDR,
2 KNORUP, KNzR, KNR, KJRRt KJZR,
3 KNZ
COMMON /CINPTI/ LKI, LKE, LFGt LKF9
1 LKAS9 LAG, LFNG, LSG9 LASGt LBNLG,
2 LSCG, LSDG, LSING, LXNG, LJRG, "LJZG,
3 LXNB, LHNLGt LVNLG, LXNLG9 LBuC, LMXVARp
4 LAR, LAZ, LR, LRM, LRA, LRAv,
5 LCT, LCGG, LCGGA, LSISO, LST, LARSD,
6 LAZSD, LARST, LAZST, LCuPS_ LESIJM, LDC9
7 LNM, LTVLKt LDELZ9 LZj LDRt LDZo
8 LMR, LW9 LNI, LNO9 LN2N
COMMON /CINPT2/ LMA, LV, LF, LNN,
1 LNAt LJRN, LJZN, LJRA9 LJZAt LJRRt
2 LJZR, L1809 LNOR, LNR9 LNORUPo LNZRo
3 LNZt LNOSUP, LNZSt LNOSt LN,
4 LJR, LJZ, LCt LNBUC,
5 LWHITE_ LBCDUP, LMID, LNMI,
6 LNMR, LRMI, LDZI, LCI,
T LSTG, LNORMt
8 LNMRAt LNMZA, LIDM, LIDMAPl
9 LIDGP




























































CALL TABLES (X(LMA),X(LC}, X(LN2N), X(LN), X(LJR),X(LJZ)_
1 X(LV), X(LNMRA),X(LNMZA), X(LIDM),X(LIDMAP), X(LIDGP)
C
1500 IF (KEDIT) IOC0,I000,1505
1505 IF (KEDIT-IO) 1510,I000,i000






SUBROUTINE INPUT IS THE OVERLAY |OR CHAIN) SUBROUTINE OF TDSN
THAT READS IN THE INPUT PARAMETERS, COMPUTES OTHER PARAMETERS,
AND CALLS THE READSVt SEIUP, ANO FISION SUBROUTINES.
THE COMMON STATEMENTS
COMMON X
COMMON /CALL1/ KCHA[N, KEND. KEFN
COMMON /CALL2/ KBCREDt
1 KREG, KALC, KGEO, KBBC, KTBC, KLBCt
2 KRBC, NSN, NGe NZ,
3 NR, NTYPS, NMAT, LBUCK, KCTYPt
KSISO, KGST. KCTR, KCGGt KDREAD, KFLUXIt
5 ITHIMX, ITNIGHt NZONERe NZONEZ,
6 KACCELe KALCle NFN, N2Nt ITNPRT,
7 KBCDUP. KACAV, KGAVE, KNIPo KED|Tt
8 GLANp ELGIN, EPS, XNF,
9 RYF, TIMAX, CALCIt OMEGA, ONEGAP
COMMON /CALL3/
1 HZt HY, BF,
2 KCA, KCF,
3 KONV, KFINSH, KASOR, KUPS,
NBF, ND, NGP1, NZP|, NRP1,
5 NIJ, NTYNG, NDNZ, NDNRe NONIJ, NDNZNG,
6 NXNZS, NAN, NCt N|JG, NBUCK,
1 |TNA, XTMIt ITMIST, ITMXGX, |TOy
8 NEGSOR, LZSAVt
9 TIHEXt TIMEZ, SDGFGI, SCALUP
COMMON /CALL¢/ EPG, EPGX, EPGN, EPGNPt
1 OMEGAS. OMEGPSt
2 EXTRAlt EXTRA2, EXTRA3, EXTRACt EXTRAS,
3 KXTRA1, KXTRA2, KXTRA3, KXTRA_t KXTRA5
COMMON #COUTER/ KDR, KDZt KMRt KW,
1 KNI, KNOt KI80, KWHITE, KNOR_
2 KNORUP, KNZR. KNR, KJRR, KJZR,
3 KNZ
COMMON /CINPT[/ LK[, LKE, LFG, LKF,
1 LKAS, LAG, LFNG, LSG, LASG, LBNLG,
2 L_CG, LSDb, LSING, LXNG, LJRG, LJZG,
LXNb, LH_L(;. LV;4Lb. LXNLG, L_UC, LMXVARt
LA_, LAz, LR, LkM, LRA, LRAV,
b L_T, LC_, LC_;GA. LSISiJ, LST, LA_S(J,
b LAL_b, LA_ST, LAZST, LbUPS, LESIJH, L_C.
7 LNM, LTVLKt LDELZ, LZ, LORe LDZt
b LMR, LW, LNI, LNO, LNZN
COMMON /CINPT2/ LMA, LVt LF. LNN,
1 LNA, LJRN, LJZN, LJRA, LJZA, LJRR,









































103 FORMAT (IH J











114 FORMAT {2EIb. B,4_X,2ILb)
115 FORMAT (5E10,6,2110)
LAST=,I8,32H WITH 17500 ST
120 FORMAT (lHL,IOX,4HKREG,12X,4HKALC,12X,4HKGEO, 12X,4HKLBC, L2X,
l 4HKRBC,12X,4HKBBC,12X,4HKIBC|
121 FORMAT (IHL,11X,3HNSN,14X,2HNG,14X,2HNR, 14X,2HNZ,12X,4HNMAT,IIX,
1 5HNTYPS,13X,3HN2N)













lOUU WRITE (o, lO0|
'74
1005 READ {5,1G5) NTITLE, (TITLE(1), I=I,14l
WRITE 161106} {TITLE(If, }=}of4)
IF (NTITLE} I005, I005,1010
fOlD READ {5,110} KBLRED
WRITE (6,10TI KBCRED






1016 READ {5,110} |TM|MXoITMIGH
READ (51115) EPS, TIHAX,OMEGAtOMEGAP,TEMPtKACCELtKUPS
IF {KBCRED-3} 1C60,1019,1060
1019 READ {51110) |TMPRT,KBCDUP,KACAVtKGAVEtKNIPtKEDIT
GO TO 106D


































IF {NZ} 1060, I06011045









































wRITE (0, I131 GLAM,EIGEN,EPS,XNF,RYF,TIMAX,CALCI
wRITE 16,127}
WRITE (O, II4) OMEGA,DMEGAP,KACCEL,KUPS
WRITE I6,12_


































































































L BNLG=L XNLG4-NGP 1







































































































































































































































































































SETUP OUANTITIES NEEDED FOR EVERY ITERATION.
1350 CALL SETUP ( X(LKIIo XILKE), X(LMAIt
l X|LV),XILARI,XILAZI.X|LDELZ)tXILDRJtX(LDZItX(LMR)tX(LW)t
2 X{LR)IXILZItX(LRN)tX|LRAItX(LRAV)t X(LDZI) )
IF (KENO| 1360t1360_1355























bUB_UUIINE kEAOSV | XKI, MA, C, DR, DZ,
I xN, XJR, xJZ, BULLK, dUCKG, CUPS,
2 MID,NKI,NMR,RMI,R,Z,CII
SUBROUTINE RbADSV OF SUBROUTINE INPUT _F
INPUT SUbSCRIPTEd VARIABLES.
W, XNOS, XNOSUP, XNZS,
CN2N,
/DSN IS TO READ THE
IHE COMMON SIAIEMENTS
COMMON /CALLI/ KCHAIN, KENO, KEFN
CGMMON /CALL2/ KBCRED,
l _REG, KALE, KGEO, KdBC, KTBC, KLBC,
2 KR_C, NSN, NG, NZ,
NR, NTYPS, NMAI, LBUCK, KCTYP,
4 KSISO, KGST, KCIR, KCGG, KOREAD, KFLUXI,
5 ITMIMX, ITMIGM, NZONER, NZONEZ,
b KACCEL, KALCL, NFN, N2N, ITMPRT,
7 KBCDUP, KACAV, KGAVb, KNIP, KED[T,
B GLAM, EIGEN, EPS, XNF,
9 RYF, TIMAX, CALCI, OMEGA, UMEGAP
CCMMON /CALL3/
I HZ, HY, BF,
2 KCA, KCF,
3 KUNV, _FINSH, KASOR, KUPS,
4 NBF, ND, NGPL, NZPI, NRPL,
5 NIJ, NTYNG, NDNZ, NDNR, NDNIJ, NUNZNG,
b NXNZS, NAR, NC, NIJG, NBUCK,
l lIMA, ITMI, IIMIST, ITMIGX, ITD,
NEGSOR, LZSAV,
9 I|MEX, TIMbZ, SDGFGI, SCALUP
CCI_MUN /CALL4/ EPG, EPGX, EPGM, EPGMP,
L OMEGAS, OMEGPS,
2 EXIRAI, EXTKA2, EXTRA3, EXTRA4, EXTRAS,
KxTRAI, KXTRA2, KXTRA3, KXTRA4, KXTRA5
T_E DIMENSIt}N STATEMENTS
DIMbNSItJN XKZ(L), MA(I), C(I),
I DR(L), OZIL}, W(L)
DZMENSIUN XN(JS(1), XNOSUP(II, XNZS(I),
I XN(1), XJR(l), XJZ(I),
2 BUCLKII), BUCKG(1), CUPS(I),
3 CN2N(L)
DIMffNSZON MID(L), NMI {I), NMRII),
I RMI(L}, R(I), ZII)
DINENSIUN CI(II
THE FJRMAT STAILhIENTS
105 FORMAT ( IF )




















(I5,EIO.6, IS,EIO. b,IS, EIO.AtIS,EIO.6,IS,EIOoAI
(IHL,]5HTO0 MANY VALUES FOR FLUX XN READ IN )
(I_L,2X,45H NMIII} RMIII) MID(II
(IHL,SbHTHE FIRST DIRECTION MESH CELL BOUNDARY POSITIONS
I
(R
SECOND DIRECTION MESH CELL BOUNDARY POSITIONS (
123 FORMAT ( IHL,ZBHTHE MATERIAL MAP IMAINZ,NRII)
I26 FORMAT (1HLt3UHTHE FISSION SPECTRUM IXKI(NGI)I
125 FORMAT (1HL,3/HTHE CROSS SECTIONS (CINMAI,NG,NTYPSI|)
130 FORMAT (6FIZ.TI
131 FORMAT (IHL,TUHTHE MATERIAL INDEPENDENT EFFECTIVE BUCKLING CROSS S
IECTI_NS IBUCLKINGII|
132 FORMAT (IHL,13HTHE MATERIAL DEPENDENT EFFECTIVE BUCKLING CROSS SEC
ITIONS (BUCKGiNMAT,NGII)







































































































WRIIk (6,113J (l(J), J=I,NZPI}
IF IKBCREDI 1155,1155,1180




















K=|NDEX(NR. J. NR I




1200 IF (KSCRED| 1200,1205,1210
1205 READ 15.112| (XKI(IGI, IG=I.NG)
1210 WRITE (6,12_)
WRITE {6,113| (XKI(IG)t IG=I,NG|
C
1250 IF (KBCREG| 1255,1255,1375
1205 IF (KDREAU) 130G, 1300,1200
1260 READ (5,112| (DR(M), N=I,ND)
IF (NZ-J} 1270,1270,1_65
1205 READ (5,112| (DZ(M), N=ItND)
1270 READ (5,112) (N(M), M=I,ND)
C
C

















READ |5,112) (CI(K|,, K=K1,K2J,TENP,CI(K3)
































































READ (5,112; (CI{K;, K=KI,K2}



































IF [N2N) i365,1305, 1361
KI=INDEX(NG,N,I;
KZ=INOEX(NG,N,NL)







































RE£_ (5,112) IC(K)t K=KI,KZJ






READ |5,11Z} ICN2NIK}w K=KI,K2)
NRITE (b, IUS)







































1440 IF {KUPS) 1450,1450,1441
1441 DO 1445 IG=ItNG
DO 1445 H=ltNMA1
K=INDEXINGoMolG)







1450 IF {LBUCKt 1455,1455,1451
1451 IF IKBCREOI 1452,1452t1453
1452 READ |5,112} [BUCLKilG), IG=I,NGI
1453 WRITE |6,131)
WRITE (6,113) (BUCLKIIG}, IG=I,NG|
C
C
1455 IF (NBUCK) 1465,1465,1456
1456 IE [KBCRED) 1457,1457,1460
1451 IF (KCTYP-I} 1458,1460,1458
1458 DO 1459 N=I,NMAI
KI=INDEX(NG,N,I}
K2=IND_X(NG,N,NG!



























[505 IF IKFLUXi) 1525t[506_1530




1510 IF {KBCREDI 1511,£5II,1513
1511 DO 1512 IJG=IJGST,IJGSP
1512 XJRIIJGI=I.O
GO TO 1515
1513 CALL BCREAD |XJR|IJGST),XJRilJGSP|}
1515 IF |NZ-1I 1560t1560,1516
1516 IF (KBCRED; 1517,1517,1519
1517 O0 151_ IJG=IJGST, IJGSP
ISld XJZiIJG}=I.O
GO TO 156G
1519 CALL BCREAD IXJZ|IJGST)tXJLIIJGSPII
GO TO 1560
C




15_5 READ I5,118} {KNMRII},RMIil}}, I=l,5}
I=l














1550 IF IL-NIJ} 1551,1555t1555
1551 ITEMPI=ITEMP2+I
DO 1552 IJG=ITEMPI, IJGSP
1552 XNIIJG)=O.O
1555 IF IKSI$OJ 1560,1560,1510
C
1560 IF |KBCREO] 1561,1561t1590
1561 IF iKRBC--I) 1562,1566_1566
1562 DO 156J I=I,NDNZNG
1563 XNOSII)=O.O
IF INZ-I| 1575,1575,1564















































SUBROUTINE XSTOSN { N, KUP, MA, CI, CN2N, C }
C
C SUBROUTINE TDSNXS IS TO OBTAIN TDSN CROSS SECTIONS FROM RP-2

















COMMON /CALLI/ KCHAIN, KENO, KEFN
COMMON /CALL2/ KBCRED,
1 KREG, KALC, KGEO, KBBC, KTBC, KLBC,
2 KRBC, NSN, NG, NZ_
3 NR, NTYPS, NMAT, LBUCK, KCTYP,
KSISO, KGST, KCTR, KCGG, KDREAD, KFLUXI,
5 ITMIMX, ITMIGM, NZONER, NZONEZ,
6 KACCEL, KALCI. NFN, N2N, ITMPRT,
I KBCDUP, KACAV, KGAVE, KNIP, KEDIT,
8 GLAM, EIGEN, EPS, XNF,
9 RYF, TIMAX, CALCI, OMEGA, OMEGAP
COMMON /CALL3/
1 HZ, HY, BF,
2 KCA, KCF,
3 KONV, KFINSH, KASOR, KUPS,
4 NBF, NO, NGPI, NZPI, NRPI,
5 NIJ, NIYNG, NDNZ, NDNR, NDNIJ, NDNZNG,
6 NXNZS, NAR, NO, NIJG, NBUCK,
Z ITMA, IIMI, ITMIST, IIMIGX, ITD,
8 NEGSOR, LZSAV,
9 TIMEX, TIME/, SDGFGI, SCALUP
COMMON /CALL_/ EPG, EPGX, EPGM, EPGMP,
1 OMEGAS, OMEGPS,
2 EXIRAI, EXTRA2, EXTRA3, EXTRA4, EXTRAS,
3 KXTRAI, KXTRA2, KXTRA3, KXTRA4, KXTRA5
IHE DIMENSION STATEMENTS
DIMENSION MAil}






























































































1050 IF [IG--NG} 1055,1075,1075





KUP I=KUP 1-- 1
LI=O
1065,L I=LI+I



























SULROUTINE 5ETbP (XKI, XKE, MAt V, AR,
L M_o _, R, Z, RMo RA, RAV, UZI )
AZ, DELZ,































KGEO, KHBC, KTBC, KLBC,
NSN, NO, NZ,
NMAT, LBUCK, KCTYP,
KCTR, KCGG, KDREAD, KFLUXI,
ITMIMX, ITMIGM, NZUNER, NZONEZ,
NFN, N2N, IIMPRT,
KGAVE, KNIP, KEDIT,














EPG, EPGX, EPGM, EPGMP,
OMEGAS, OMEGPS,
EXTRA2, EXTRA3, EXTRA4, EXTRAS,
KXTRA2, KXTRA3, _XTRA4, KXTRA5
KALCP1, AVF, PI, GLAMP,
Th_ _IME,\SIJ_ SIATEMEN[S







GIMENSIUN R(1), Z(I}, RM(1),












































FORMAT {IP, L,],2HTHE MESH CELL VOLUMES {VINZ,NR})I
























IF {ND-|NSN+I}; I125, I125,I060




































































































































































COMPUIE AREAS AND VOLUMES.
IF (lIMA) 1410,1410,1405
GO IO (1500,150C, 1500,1500,1410,I_10) t KALCPI




















































































WRITE I6, IL3) {_{IJ), IJ=KI,K2)
98
CWRITE {6.122}
WRITE (6,1131 {DR(M;. M=L,ND_
IF {NZ-L) L520,1520,1515
I_15 WRIIE (6,I13) |DZ(M), M=I,ND)
1520 WRITE 16,113i (k_M|, N=I,ND|




1550 IF IKBCREDI 1575.1575.1555
I555 IF {NFN--I) 1600.1560_I600




















BCREAD SUBROUTINE FOR IBSYS
ENTRY
CARD 10. BCREADO0
00000 [ UOOOO 0 00005 10001 BCREAD SAVE
00001 07?4 UO 2 00000 10000
00002 0774 O0 l DO000 10000
00003 0774 O0 6 00000 IOOO0
00004 0C20 OO 4 00001 lOOOO
00005 0634 O0 4 06000 lOOlI
00006 0634 O0 4 OOllO 10001
00007 0634 UO 4 00003 lOOOl
00010 0634 00 I 00002 IO00[
00011 0634 O0 2 00001 lO001
00012 0500 GO 4 00003 I0000 CLA
00013 0560 O0 4 00004 lOOOO LDO
00014 0040 O0 0 01002 I0011 TLQ
00015 0131 00 C OOUOO I0000 XCA
00U16 4600 00 0 00107 I0001 STO
00017 04C2 O0 0 00107 lO001 SUB
00020 0734 O0 I 00000 lO000 PAX
00021 I 0_001 I OlOOl 10011 IX|












00023 0634 O0 I 00037 lOOOl SXA IXl,l
00024 0634 O0 2 00040 lO001 SXA IX2,2
00025 GSCC 60 0 00105 10001 CLA* IN5
00026 062100 0 01002 I0011 STA *+2
00027 0C;40C 4 07000 I0011 TSX .CLOSE,4
00030 5 00000 0 O00OO IO00O MON **
00031 0500 60 0 00106 I0001 CLA* READ5
000]2 0621 O0 0 00036 [0001 STA MON
00033 0621 O0 O 00044 IO001 SIA READ2
00034 0621 O0 0 00065 I0001 STA SHUT
00035 0074 OO 4 10000 I0011 TSX .OPEN,4
00036 5 00000 0 O000O I0000 HUN MDN **
00037 0774 OO 100000 10000 IXI AXT **,1
00040 0774 O0 2 00000 lOOOO IX2 AXT **,2
00041 0634 00 2 00047 lO001 SXA SXA 10,2
00042 7 00026 1 00053 I0001 TXL LASTC,[,22
00043 0074 DO 4 flOOD lOOll READ TSX .READ,4
00044 0 00067 C ODD00 10100 READ2 PZE **,,E08
00045 0 000?4 0 OOtO0 lOlOl PZE EOF,,ERR
CARD ID. BCREAD02
00046 4 00002 2 00000 lOOOO IOCPN *_,,2
OOU4? 0 00026 0 00000 lO00O TO IOCD **,,22
00050 ! ??752 i ClOOl lO011 TXI *+1,I,-22
00051 1 00026 2 01001 I0011 IXl *+I,2,22
00052 OC2D OC 0 00041 10001 TRA SXA
00053 0500 O0 0 0005? I0001 LASTC CLA DONE
00054 G6UI UO 0 41002 I0011 STO *-2
00055 4634 O0 1 00047 IOO01 SXD IO,l
00056 _020 O0 0 00063 I0001 TRA READ
0U057 CC2G O0 0 OLD01 I0011 DONE IRA _+I
PICK UP THE FIRST ARGUMENT
PICK UP THE SECOND ARGUMENT
MAKE SURE THE LARGEST
ARGUMENT IS IN THE AC
PUT WORD COUNT + I
INTO INDEX I
PICK UP THE FIRST LOAD ADDRESS
HOLDS THE WORD COUNT
HOLDS THE LOADING ADDRESS
SKIP FIRST WORD AND CHECKSUM
REDUCE THE WORD COUNT
I00
00060 0774 OO 4 00041 10001
00061 0634 O0 4 00052 tO001
00062 o??A OO 4 00026 10000
00003 4634 OC 4 00047 10001
00064 0074 O0 4 07000 10011
00065 5 GO000 0 00000 10000
00066
00067 OGO000000000 00010
00067 0074 O0 4 04000 10011
BINARY CARD ID. UCREAD03
00070 X 00001 0 01003 10011
00071 0 DOllO 0 00074 10100
00072 0 OOGO0 O 00104 10001
00073 0020 UO 0 OOLO0 IO00L
00074 OCO000000000 00010
00074 0074 O0 4 04000 10011
000?5 I CO00I 0 01003 10011
00076 0 00110 0 00076 10100
00077 C CO000 0 00103 tO001
00100 OOO000000000 00010
00100 0074 O0 4 05000 lO01l
00101 I CO000 O 01002 lO011
00102 0 GOIIO 0 00077 10100
00103 0 00000 0 00043 lO000
00104 0 00000 0 00044 I0000
00105 0 00000 0 12000 I0011
00106 0 00000 0 13000 10011
00107 0 00000 0 00000 tO000
00110 OCO00GO00000 10000











































































SYMBE, L REFERENCE DAIA
RkFERENCES TO DEFINED SYMBOLS.
























































BINARY CARD IU. .REAOOOb














REFERENCES TO DEFINLO SYMBOLS.
CLASS SYMBOL VALUE REFERENCES
.READ5 GOOCO





























SUBROUTINE OUTER |XKI,XKE, MA,C, Xl,
I FG,F, XNOS,XNUSUP, XNZS, XN, XJR,XJZ, V,AR,AZ,DELZ,
2 KFING,KASORG, AG,FNG,SG,ASG,SCG,SDG,SIKG,XNG,XNB,HNLG,
3 VNLG,XNLG, CT,CGG,CGGA,TVLK,SISO,ST,ARSISO,AZSISO,ARST,
4 _LST,CC, _NLG, CUPS,CN2N, XNM, XNN,XNA,
5 XJRN,XJZN,XJRA,XJZA, X2, BUCLK,BUCKG,
b MXVARI,ESIJM )
SUBROUTINE UUTEk IS THE OVERLAY (OR CHAIN) SUBROUTINE OF TDSN
THAT PREI-[)RMS THE OUTER fOR MAJOR} ITERATIONS,
THE COMMON STATEMENTS
COMMON /CALLI/ KCHAIN, KEND, KEFN
COMMON /CALL2/ KBCRED,
I KREG, KALC, KGEO, RBBC, KTBC, KLBC,
2 KR_C, NSN, NG, NZ,
3 NR, NTYPS, NMAT, LBUCK, KCTYP,
4 KSISO, KGS[, KCTR, KCGG, KDREAD, KFLUXI,
5 ITMIMX, ITMIGM, NZONER, NZONEZ,
b KACCEL, KALCI, NFN, N2N, ITMPRT,
7 KBCDUP, KACAV, KGAVE, KNIP, KEDIT,
8 GLAM, EIGEN, EPS, XNF,
g RYF, TIMAX, CALCI, OMEGA, OMEGAP
CCMMON /CALL31
I HZ, HY, BF,
2 KCA, KCF,
] KONV, KFINSH, KASOR, KUPS,
NBF, NO, NGPI, NZPI, NRPI,
5 NIJ, NTYNG, NDNZ, NDNR, NDNIJ, NDNZNG,
b NXNZS, NAR, NC, NIJG, NBUCK,
7 ITMA, ITMI, ITMIST, ITMIGX, ITO,
8 NEGSOR, LZSAV,
9 TIMEX, TIMEZ, SDGFGL, SCALUP
COMMON /CALL4/ EPG, EPGX, EPGM, EPGMP,
I OMEGAS, OME'GPS,
2 EXTRAI, EXTRA2, EXTRA3, EXTRA4, EXTRA5,
3 KXTRAI, KXTRA2, KXTRA3, KXTRA4, KXTRA5
COMMON /COuTER/ KOR, KDZ, KMR, KW,
I KNI, KND, KI80, KWHITE, KNOR,
2 KNORUP, KNZR, KNR, KJRR, KJZR,
3 KNZ
COMMON ICINNERI ITMIG, IG, IZ, JUP,












DIMENSION XNOS(IIt XNOSUPIIIe XNZSII]
DIMENS|ON XNilI= XJR(lJm XJZ([|




1 SGII), ASG(II! SCG(IJt
2 SDG(Ii. SING|I). XNG(I),
3 XNBII)t HNLGII)t VNLG(LJe
6 XNLG(IIt BNLG([)
DIMENSION C;(IJ. CGGItIt CGGA(I),
1 TVLK|I), SISO(I)e ST(lit
2 ARSISO(I), AZSISO(1), ARST(IIt
3 AZSTII_, OC(II
DIMENSION XNM(1)
DIMENSION XNN(IIe XJRN(I). XJZN(1)
DIMENSION XNA(I), XJRA|ll, XJZA(ll
DIMENSION BUCLK(I).




104 FORMAT (IPL.21HPROGRAM STOP AT KEFN=,I8|
120 FORMAT (126H ITMA [[NI ITHIGX ITD TIME REQ EPG
|EPGM KASOk KDNV KFINSH NEUTRON BAL GLAN E
2IGEN I





12_ FORMAT (IH )





















































































ITERATIONS IN A NEW GROUP IG BEGIN HERE.


































TO COMPUTE THE ISDTRDPIC FIXED SOURCE SISO WHICH INCLUDES THE
FISSION SOURCE AND THE ANISOTROPIC FIXED SOURCES ARSISO AND
AZSISO. ALL THE FIXED SOURCES INCLUDE UP AND DOWN SCATTERING
BUT NO WITHIN GROUP SCATTERING.
1150 CALL FIXED ( XKE, MA, C, F, V, XN, XJR, XJZt
I SG, SISD, ARS[SD, AZSISO I
ITERATIONS FOR A NEW L DOWN AND UP PASS IN A GIVEN GROUP IG
BEGIN hERE°
1200 CALL INNE_ ( XKEII|t






7 XNM| II,X2(KNZ),X2(KNZR), XNNII|oXNA(IIt X2IKNRIt
8 XJRN|IJ,XJZNII)eXJRA|I|,XJZAII|tX2(KJRR|tX2(KJZR},






































































































































































ONEGPSt XNAt XNN )







































































































































































NEW LAMBDA QUANTITIES COMPUTED.
GLAMI=GLAM







TU CL)MPUTE THE NEW FISSION SOURCE.
EPGI=EPG











































2395 GO TO 2500
C
C

















2445 IF |KONV-2_ 2446,2475,2446













2455 IF {ITMPRT| I050,[050,2460

















255u IF (KENDI 2_1_,2575,2560
2560 KEFN=2550












FUNCTION O_SCAL { IJ, SCALEIt SCALEZ,
C
C
C REACTOR ANALYSIS SECTION CLAYTON BARBER
C
C FEBRUARY ]It 1966 VERSION TN
C
C
















SUBROUTINE FISION ( MA, V, C,
I XNOS, XNOSUP, XNZS )
FG, XKE, XN, XJR, XJZ, F,
SUBRUUTINE FISIUN FOR SUBROUTINES SETUP AND OUTER OF TDSN
TO COMPUTE IHE FISSION NEUTRON SOURCE DENSITY F(IJ|, FISSION
NEUTRON SOURCE GRObP SUMS FGIIGJ, ANO THE NEW LAMBDA. ALSO TO
COMPUIE IHE EFFECTIVE NEUIRON FISSION SPECTRUM CHI AND THE
FISSION NEUTRON SOURCE GROUP SUMS USING THE NEW LAMBDA. TO
NORMALIZE THE FISSION SOURCES AND THE FLUXES TO A GIVEN
NORMALIZATION FACTOR XNF SUCH THAT THE TOTAL FISSION SOURCE
EQUALS XNF. AND FINALLY TO COMPUTE IHE INNER ITERATION EPSILON
EPG.
THE COMMON STATEMENIS
COMMON /CALL[/ KCHAIN, KEND, KEFN
COMMON ICALL21 KBCRED,
I KREG, KALC, KGEO, KBBC, KTBC, KLBC,
2 KRBC, NSN, NG, NZ,
3 NR, NIYPS, NMAT, LBUCK, KCTYP,
4 KSISO, KGST, KCTR, KCGG, KDREAD, KFLUXI,
5 ITMIMX, ITM|GM, NZONER, NZONEZ,
6 KACCEL, KALCL, NFN, N2N, ITMPRT,
7 KBCDUP, KACAV, KGAVE, KNIP, KEDIT,
8 GLAM, EIGEN, EPS, XNF,
g RYF, TIMAX, CALCI, OMEGA, OMEGAP
COMMON /CALL3/
l HZ, HY, BF,
2 KCA, KCF,
3 KUNV, KFINSH, KASOR, KUPS,
4 NBF, NO, NGPI, NZP[, NRPI,
5 NIJ, NTYNG, NDNZ, NONR," NDNIJ, NDNZNG,
6 NXNZS, NAR, NC, NIJG, NBUCK,
7 IIMA, ITMI, ITMIST, ITMIGX, ITD,
8 NEGSOR, LZSAV,
9 TIMEX, TIMEZ, SDGFGI, SCALUP
COMMON /CALL4/ EPG, EPGX, EPGM, EPGMP,
l OMEGAS, OMEGPS,
2 EXTRAI, EXTRA2, EXTRA3, EXTRA4, EXTRAS,
3 KXTRAI, KXTRA2, KXTRA3, KXTRA4, KXTRA5
THE DIMENSIdN STATEMENTS
DIMENSION MAIl|, V|l), C|l)
DIMENSION FG(I), XKEil), XN{I),
I XJRIII, XJZI[)
















C TO COMPUTE TME FISSION NEUTRON SOURCE DENSITY AND ITS VOLUME
C INTEGRAL _Y GROUPS.
C




IF (KREG) I020, IC20,1030





























1U70 IF (KALCI llOOtllOOe1075
1075 IF (FG(NGPIIi 1080t1080,1100
1080 WRITE 16,1001FGINGPII
NEGSOR=I
TO CALCULATE THE NEW LAMBDA,
115
II00 IF |NFN-I) II05,1150, II05







































T_ NORMALIZE THE FISSION SOURCES AND THE FLUXES TO A GIVEN INPUT
NORMALIZATION FACTOR XNF SUCH THAT THE TOTAL FISSION NEUTRON
SOURCE WILL EQbAL XNF FOR THE PROBLEM SETUP AND TO NORMALIZE
FOR THE GROWTH FACTOR LAMBDA (GLAM) AFTER EACH POWER ITERATION.














IF IXNF} 1350,1350, I180
TEMP=XNF/FG(NGP 1)
IF (ABSITEMP-I.O}-O. LE-9) 1350,1350,1200
DO 1205 IG=I,NGPI



























SUBROUTINE FIXED ( XKEt RAt C, Fv
1 SG, SIS_, ARSISO, AZSISO }
C
C
V, IN, X JR, XJZ,
SUBROUTINE FIXED COMPUTES THAT PORTION OF THE SOURCE THAT
FIXED WITHIN THE GROUP (INNER) ITERATIONS.
THE COMMON STATEMENIS
COHMON ICALLXI KCHAIN, KEND, KEFN
COMMON /CALL2/ KBCRED,
1 KREG, KALC, KGEO, KBBC, KTBC, KLBCt
2 KRBC, NSN, NG, NZ,
3 NR, NIYPS, NMAI, LBUCK, KCTYP,
KSISO. KGSI, KCTRt KCGG, KOREAD, KFLUXI,
fi ITMIMX, ITMIGM, NZONER, NZONEZ,
6 KACCEL, KALCI, NFN, N2N, ITMPRT,
T KBCDUP, KACAV, KGAVE, KNIP, KEDIT,
8 GLAMt EIGEN, EPS, XNF,
9 RYF, TIMAX. CALCI, OMEGA, OMEGAP
CDMMUN /CALL3/
1 HZ, HY. BF,
2 KCA_ KCFt
3 KONVt KFINSH, KASORt KUPS,
6 NBF. NU, NGPI, NZPI, NRPI,
5 NIJ, NTYNG, NDNZ, NDNR, NDNIJ, NDNZNG,
6 NXNZ$, NAR, NC, NIJG, N_UCK,
T lIMA, ITMI, ITMISI, XTMIGX, ITO,
8 NEGSOR, LZSAV,
9 TIMEX, TIMEZ, SDGFGI, SCALUP
COMMUN /CALL41 EPG, EPGX, EPGM, EPGMP,
I OMEGAS, OMEGPS,
2 EXTRAI, EXTRA2, EXTRA3, EXTRA_, EXTRAS,
3 KXTRALt KXTRA2, KXTRA3, KXTRA4, KXTRA5
COMMON ICINNERI ITM|G, IG, IZ, JUP,














































1160 IF IKREGI I161,ll61,I163
I161 IF (ilG+I)-KUPSI 1250, II161,II161
llibl IF (IG-NG) I162,1250,1250
I162 N=N+I
GO TO 1170













I17b IF |MA(IJJ) 1177,1180,1180
|177 KA=K+I
|180 K2=INDEX(NTYNG,K,KI}
IF (C(K2)) 1185,1190, II85
I185 SISO([JJ=SISO(IJ)+C(K2}_XN(IJG|
I190 IF (KSISO) [200.120C, I191
I191 IF (KA-K) 1200,1200,1192
I192 K2=INDEX(NIYNG,KA,KL)




























































































S ISOI IJ )=SISO{ IJl_VI I J|












SUBROUTINE INNER ( XKE. MA. C_ DR, DZ. MR, W_ Ft
1 XNOS, XNOSUm, XNZS.
2 VtARtAZ,DELZ_ KFING_KASORGo SG,ASG, XNG,HNLG,
3 VNLG,XNLG, CTtCGG,CGGA,TVLKtSIS0,ST,ARSISO,AZSISO,ARST'
4 AZST,DC, XNI,XND,XNOR,XNORUP,XNM,XNZ,XNZR' XNN_XNA*
5 XNR,XJRN,XJZNtXJRA,XJZA,XJRR,XJZR' XNMIBo,wHITE_
6 BUCLK,BUCKG_ MxvARI.ESIJM )
SUBROUTINE INNER PREFORMS THE INNER (OR MINOR) ITERATIONS IN A
GIVEN GROUP IG.
THE COMMON STATEMENTS
COMMON /CALLI/ KCHAIN. KEND. KEFN
COMMON /CALL2/ KBCRED.
l KREG, KALC, KGEO, KBBC, KTBC, KLBC,
2 KRBC, NSN, NG_ NZ_
3 NR, NTYPS_ NMAT, LBUCK, KCTYP,
KsISD. KGST, KCTR, KCGG, KDREAD, KFLUXI,
5 ITMIMX, ITMIGM, NZ0NER, NZDNEZ,
6 KACCEL, KALCI, NFN, N2N. ITMPRT,
? KBCDUP, KACAV. KGAVE. KNIPt KEDIT,
B GLAM, EIGEN_ EP.S, XNF,
9 RYF, TIMAX, CALCI, 0MEGA, OMEGAP
COMMON /CALL3/
I HZ, HY, BF,
2 KCAt KCF_
3 " KDNV, KFINSH, KASOR. KUPS.
4 NBF, ND, NGPl, NZPl, NRPl,
5 NIJ, NTYNG, NDNZ, NDNR, NDNIJ, NDNZNG,
6 NXNZS, NAR, NC, NIJG, NBUCK,
7 ITMA, ITMI. ITMIST, ITMIGX. ITD,
8 NEGSOR, LZSAV,
9 TIMEX. TIMEZ_ SDGFGI, SCALUP
COMMON ICALL4/ EPG, EPGX, EPGM, EPGMP*
I OHEGAS, 0MEGPS,
2 ExTRAI, EXTRA2, EXTRA3_ EXTRA4, EXTRAS,
3 KxTRAI_ KxTRA2, KXTRA3, KxTRA4, KXTRA5
COMMON /cINNER/ ITMIG, IG, IZ. JUPo




DIMENSION DRII), DZll), MR(If,
i W(1)
DIMENSION F(1)
DIMENSION XNDS(1), XNOSUP(1). XNZS{I)







DIMENSION CT(1), CGG(1)9 CGGA(1)t
1 TVLK(1), SISD(1)t ST(1),
2 ARSISD(1), AZSISO(1), ARST(1),
3 AZST(1), DC(1)
DIMENSION XNI(1), XNO(1), XNOR(1),
1 XNORUP(1), XNM(1)p XNZ(1),
2 XNZR(1)
DIMENSION XNN(1), XNA(1), XNR(1),
I XJRN(1), XJZN(1), XJRA(1),
2 XJZA(1), XJRR(1), XJZR(1}
DIMENSION XNM180(1), WHITE(I), BUCLK(1)t
1 BUCKG(1), MXVARI(1), ESIJM(1)
THE FORMAT STATEMENTS
150 FORMAT (lX, 6HSCALE:,FIO.6,BH FOR IG:,I3tllH AND ITMIG=,I3,


















































ITITALIZATIONS FOR THE TOP BOUNDARY AND THE INITIALIZATION TO



































C TO COMPUTE THE vERTICAL TOP BOUNDARY NEUTRON LEAKAGE FOR BEFORE
C THE Z DOWN AND Um PASS.
C
I150 IF (KTBC-3) I185,1155,1185





















C ITERATIONS IN A NEW Z INTERVAL IZ IN A GIVEN Z DOWN AND UP PASS
C AND A GIVEN GROUP IG BEGIN HERE,
C
C
1200 IF (LG) 1300,1300,1305
C
C
C TO COMPUTE THE TOTAL CROSS SECTION LOSS AND STORE THE WITHIN GROUP
C SCATTERING CROSS SECTION BY MESH INTERVALS AND TO STORE


































MA, V, C, CT, CGG,
8UCKG )
TO COMPUTE THE TOTAL BASIC SOURCE BY ADDING THE SELF-SCATTERING























TO COMPUTE THE ANGULAR FLUX FOR ND DIRECTIONS (IN EACH HALF 9F A
Z DOWN AND UP PASS FOR A TOTAL OF 2_ND DIRECTIONS) BY RADIAL
MESH INTERVALS AND TO SUM IN ORDER TO OBTAIN THE NEW AVERAGED
FLUXES XNN.
1400 XLLG:O.O
CALL FLUX ( AR(1),AZ(1),DELZ(1),DR(1),DZ(1),MR(1),W(1),
1 CT(1),ST(1),ARST(1),AZST(1),DC(1), XNI(1),XNO(1),XNOS(1),
2 XNOSUP(1),XNM(I},XNZ(1), XNN(1), XdRN(1),XJZN(1),





















C TO STORE THE RADIAL BOUNDARY ANGULAR FLUXFS.
C








TD CONTROL THE Z DOWN AND UP PASS.
1470 IF (NZ-I) 1600,1600,1475
1475 IF (JUP) 1480,1480,14q0
1480 IF (IZ-I) 1500,1500,1485
1485 IZ:IZ-I
IF (LG} 1300,1300,1305





















C RE-STORE THE OUTWARD DIRECTED ANGULAR FLUXES AT THE BOTTOM
C BOUNDARY TO BE uPWARD DIRECTED FLUXES AFTER uNDER GOING 180
C DEGREE ROTATION AND REFLECTION ABOUT THE FIRST DIRECTION
C MID-POINT.
C













































































TD COMPUTE THE VERICAL TOP BOUNDARY NEUTRON LEAKAGE FOR AFTER















































TO CHECK FOR THE NECESSITY OF MAKING A

















































































































TO AVERAGE THE SAVED QUANTIES wITH THE CORRECTED VALUES SUCH
















































TO APPLY ACCELERATION BY OVER-RELAXATION USING THE FLEER METHOD
OF CHANGING THE 0VER-RELAXATION FACTOR FOR THE REST OF A
GROUPS ITERATIONS AFTER CERTAIN CONDITIONS ARE MET IF KACCEL
IS NEGATIVE.

















1730 IF (EPGX-50.O_EPS) 1731,1731,1721
1731 IF (ISCALE) 1721,1732,1733
1732 IF (ABS(SCALE-I,0)-IO,0_EPS) 1733,1733,1750
1733 IF (KACCEL) 1735,1750,1734
1734 FLXER=EPGX
GO TO 1740
1735 IF (ABS(OMEGAT-OMEGTP)-O.O05) 1736,1736,1740

















































CALL SDRAXS ( MA, V,




















































1802 TEMP=ORSCAL( IY, SCALE1, SCALE2,













1813 TEMP=DRSCAL( IJ, SCALEI, SCALE29




1825 IF (KSISO) 18459184591830



















C TO CHECK THE CONVERGENCE OF THE INNER ITERATIONS..
C
C




1865 IF (KFING(IG)-2) 1975_1866_1866
1866 IF (ESIJM(IG)-EPG/100.0) 18709187091900
1870 IF (EPGX-EPG) 18759187591900
1875 IF (KTBC) 18909139091880
1880 IF (NZ-I} 189091890,1885
1885 IF (ABS(VNLG(IG)-BLG)-{EPG/8.0)) 1890t189091900
1890 IF (KRBC) 19259192591895
1895 IF (ABS(HNLG(IG)-HNLGL)-(EPG/8.0)) 19259192591900
1900 IF (EPGX-O.05*EPGMP) 19059190591915
1905 KFINGIIG)=-I
G0 TO 1950







1950 IF (EPGX-IO.O_EPG) 1955,1955,1960























SUBROUTINE FLUX ( AR, AZ, DELZ, DR, DZ, MR, W,
1 CT, ST, ARST, AZST, DC, XNI, XND, XNDS, XNDSUP, XNM, XNZt
2 XNN, XJRN, xJZN, XNMIBO,WHITE, XLLG )
SUBROUTINE FLUX FOR SUBROUTINE INNER OF TDSN
TO COMPUTE THE ANGULAR FLUX FOR ND DIRECTIONS BY RADIAL MESH
INTERVALS "AND SUM IN ORDER TD OBTAIN THE NEW AVERAGED
FLUXES XNN. THE WEIGHTING FUNCTION W(M) SUMS TO ONE SO THE
AVERAGE IS AUTOMATICALLY OBTAINED.
COMPUTED FOR KSISD=I •
THE COMMON STATEMENTS
COMMON /CALLI/ KCHAIN, KEND,
COMMON /CALL2/ KBCRED,
1 KREG, KALC, KGED, KBBC,
2 KRBC, NSN,
3 NR, NTYPS, NMATt LBUCK,
4 KSISO, KGST, KCTRt KCGG,
5 ITMIMX, ITMIGM,
6 KACCEL, KALCI, NFN, N2Nt
7 KBCDUP, KACAV, KGAVE_ KNIP,
B GLAM, EIGEN,




3 KONV, KFINSH, KASOR, KUPS,
4 NBF, ND, NGPl, NZPI,
5 NIJ, NTYNG, NDNZ, NDNR,
6 NXNZS, NAR, NC, NIJG,
7 ITMA, ITMI, ITMIST, ITMIGX,
B NEGSOR,
9 TIMEX, TIMEZ,




















COMMON /CALL4/ EDG, EPGX, EPGM,
i OMEGAS, 0MEGOSt
2 EXTRA1, EXTRA2, EXTRA3, EXTRA4,
3 KxTRAI, KXTRA2, KXTRA3, KxTRA4,
COMMON /CINNER/ ITMIG, IG, IZ,
1 XITGG, XITGGA, LG, NEGPRT, JZ,
THE DIMENSION STATEMENTS
DIMENSION ARC1), AZ(1}, DELZ(I},
i DR(l), DZ(1), MR(l},
2 W(1)
DIMENSION CT(1), ST{l}, ARST(1),
1 AZST(1), DC(1)
DIMENSION XNI(1), XNO(1), XNOS(1),
1 XNOSUP{1), XNM(1), XNZ(1)








152 FORMAT (16H ANGULAR FLUX AT,16,gH FIXED TO,EIB.5,SH FROMtEI3.5,
1 IOH FOR ANGLE,13,1BH AND MESH INTERVAL,I4,gH IN GROUP,13,
2 14H AND ITERATION,I3)
153 FORMAT (15H XNANG wAS ZERO,14,90H TIMES OVER ALL ANGLES AND R MESH
1 INTERVALS WITH NON-ZERO CROSS SECTION OF Z MESH INTERVAL,13,
2 IOH AND GROUP,13}
THE INTEGER FUNCTIONS
INDEX(LENGTH,INDEXO,INDEXL)=LENGTH*(INDExO-I)+INDEXL
TO CALCULATE THE BOUNDARY ANGULAR FLUX FOR A WHITE RADIAL
OUTER BOUNDARY.
i000 IF (KRBC-3) 1006,1001,1006































































































































C CALCULATE THE ANGULAR AVERAGE FLUX XNANG.
C




1215 IF (NZ-1) 1225,1225,1220
1220 KI=INDEXCND,I,M)
TEHP=TEMP+DAZ*XNZ(K1)
















1265 IF (NZ-1) 1275,1275,1270
1270 XNZ(K1)=TEMP-XNZ(K1)





C T0 TEST F0R A NEGATIVE EXTRAP0LATED VALUE FOR AN ANGULAR FLUX.,
C
1300 IF (LG) 13C5,1305,1430





1315 WRITE (6,152) KEFN,XNANG,TEMP,M,IJ,IGtlTMIG
G0 TO 1330
1320 IF (ABS(CT(I))-0.1E-9) 1330,1330,1325
1325 NZNANG:NZNANG+I
1330 IF (NZ-1) 1350,1350t1335





1345 WRITE (6,152) KEFN,xNZ(KI),TEMP,M,IJ,IG,ITMIG





1360 WRITE (6,152) KEFN,xNM(1),TEMP,M,IJ,IG,ITMIG
134
1365 IF (DR(M)) 1370,1370,1385





1380 WRITE (6,152) KEFN,xNI{M},TEMP,M,IJ,IG,ITMIG
GO TO 1425





1395 WRITE (6,I52) KEFN,XNU(M),TEMP,M,IJ,IG,ITMIG
C
C CALCULATE THE NEW NEUTRON FLUX XNN (THE AVERAGE OF THE ANGULAR
C AVERAGE FLUXES).
C




C TO CALCULATE THE CURRENTS FOR ANISDTROPIC (P(1)} SCATTERING.
C THE MULTIPLYING FACTOR OF (2-L-1) HAS NOT BEEN INCLUDED HERE
C SINCE IT IS IN THE GA_-II CROSS SECTIONS.
C






























I TVLK, BUCLK, _UCKG
MA, V, C, CT, CGG, CGGA,
SUBRDUTINE SORAXS FOR SUBROUTINE INNER OF TDSN
TO LOOK UP IHE WITHIN GROUP SCAITERING CROSS SECTION ANO THE
TOTAL COLLISION LOSS CROSS SECTION AND COMPUTE ANY BUCKLING
LOSS CROSS SECTIONS TO ADD TO THE TOTAL COLLISION LOSS CROSS
SECTION.
THE COMMON STATEMENIS
COMMON /CALLI/ KCHAIN, KEND, KEFN
COMMON ICALL21 KBCRED,
I KREG, KALC, KGEO, KBBC, KIBC, KLBC,
2 KRBC, NSN, NG, NZ,
3 NR, NTYPS, NMAI, LBUCK, KCTYP,
KSISD, KGSI, KCTR, KCGG, KDREAD, KFLUXI,
5 ITMIMX, ITMIGM, NZONER, NZONEZ,
6 KACCEL, KALC1, NFN, N2N, IIMPRT,
7 KBCDUP, KACAV, KGAVE, KNIP, KEDII,
8 GLAM, EIGEN, EPS, XNF,
9 RYF, TIMAX, CALCI, OMEGA, OMEGAP
COMMON /CALL3/
I HZ, HY, BF,
2 KCA, KCF,
3 KONV, KFINSH, KASOR, KUPS,
4 NflF, ND, NGPI, NZPI, NRPI,
5 NIJ, NIYNG, NDNZ, NDNR, NONIJ, NONZNG,
b NXNZS, NAR, NC, NIJG, NBUCK,
7 ITMA, ITMI, ITMIST, ITMIGX, ITD,
B NEGSOR, LZSAV,
9 TIMEX, TIMEZ, SDGFGI, SCALUP
COMMON /CALL4/ EPG, EPGX, EPGM, EPGMP,
I OMEGAS, OMEGPS,
2 EXIRAI, EXTRA2, EXTRA3, EXTRA4, EXTRAS,
3 KXTRAI, KXTRA2, KXTRA3, KXTRA4, KXTRA5
COMMON /CINNER/ ITMIG, IG, IZ, JUP,
I XITGG, XIIGGA, LG, NEGPRT, JZ, KX
THE DIMENSION SIATEMENTS
DIMENSION MAIl), V(1), C(II
DIMENSION CT(1), CGG(I), CGGAIL)






































TO COMPUTE THE TOTAL CROSS SECTION AND ANY TRANSVERSE LEAKAGE






















TO STORE T_E WIIHIN GROUP SCATTERING CROSS SECTIONS BY VOLUME
MESH INIERVALS.
K I= INDEX l NTYP S t IG, KCGG l

























C THE COMMON STAIEMENIS
OF THE PROBLEM.
COMMON X
COMMON /CALLI/ KCHAIN, KEND, KEFN
CUMMUN /CALL2/ KBCRED,
1 KREG, KALC, KGED, KBBC, KTBC, KLBC,
2 KRBC, NSN, NG, NZ,
3 NR, NTYPS, NMAT, LBUCK, KCTYP,
4 KSISO, KGST, KCTR, KCGG, KOREAD, KFLUXI,
5 ITMIMX, ITMIGM, NZONER, NZONEZ,
6 KACCEL, KALC[, NFN_ N2N, ITMPRT,
7 KBCOUP, KACAV, KGAVE, KNIP, KEDIT,
GLAM, EIGEN, EPS, XNF,
9 RYF, TIMAX, CALCI, OMEGA, OMEGAP
CCMMUN /CALL3/
I HZ, HY, BF,
2 KCA, KCF,
3 KUNV, KFINSH, KASOR, KUPS,
4 NBF, NO, NGPI, NZPI, NRPI,
5 NIJ, NTYNG, NDNZ, NDNR, NDNIJ, NDNZNG,
6 NXNZSo NAR, NC, NIJG, NBUCK,
7 ITMA, ITMI, ITMIST, IIMIGX, ITD,
8 NEGSOR, LZSAV,
9 TIMEX, TIMEZ, SDGFGI, SCALUP
COMMON ICALL4/ EPG, EPGX, EPGM, EPGMP,
l OMEGAS, OMEGPS,
2 EXTRAI, EXTRA2, EXTRA3, EXTRA4, EXTRAS,
3 KXTRAI, KXTRA2, KX/RA3, KXTRA4, KXTRA5
COMMON ICOUTERI KDR, KDZ, KMR, KW,
1 KNI, KNO, KI80, KWHITE, KNOR,
2 KNURUP, KNZR, KNRt KJRR, KJZR,
3 KNZ
COMMON ICINPTII LKI, LKE, LFG, LKF,
I LKAS, LAG, LFNG, LSG, LASG, LBNLG,
2 LSCG, LSDG, LSING, LXNG, LJRG, LJZG,
3 LXNB, LHNLG, LVNLG, LXNLG, LBUC, LMXVAR,
4 LAR, LAZ, LR, LRM, LRA, LRAV,
5 LCI, LCGG, LCGGA, LSISO, LST, LARSO,
6 LAZSO, LARST, LAZST, LCUPS, LESIJM, LDC,
7 LNM, LTVLK, LDELZ, LZ, LDR, LDZ,
8 LMR, LW, LNI, LNO, LN2N
CCMMON ICINPT2/ LMA, LV, LF, LNN,
l LNA, LJRN, LJZN, LJRA, LJZA, LJRR,
2 LJZR, LISO, LNOR, LNR, LNORUP, LNZR,
3 LNZ, LNOSUP, LNZS, LNOS, LN,
4 LJR, LJZ, LC, LNBUC,
138
5 LWH|TE, LBCDUP, LMIO,
6 LNMR, LRM|, LDZ1, LCX,
7 LSTG,
8 LNMRA, LNMZA, LIOM_
9 LIDGP
COMMON /CINPT31 LAST[,




L30 FURMAT [|h$8OHEND OF BCDUNP





















END QF BCDUHP END
)
THE iNtEGER FUNCTIDNS
INQEX|LENGTH, INDEXO, INDEXLI =LENGTH* l I NDEXO-I I+INDEXL
KDUP=I





IF (KONV--I) I010, I015,1010











GO TO 110_0,1035,1035), KDUP









GO TO II041,I045,10451, KOUP
gRIIE 16e1301
GO TO flOG

























BCuUHP ROUTINE FOR IBSYS
ENTRY
CARD 10o BCUUOOU2
00000 I CObOO 0 00005 LOOOL _CDUMP SAVE
00001 0774 00 2 00000 LO000
00002 0i74 C0 1 OGO00 tO000
00003 07_4 OG 4 00000 10000
00004 0C20 00 4 00001 10000
00005 0634 00 4 C6000 lOOll
00006 0634 00 4 00204 lOOOl
00007 06J4 O0 4 00003 I0001
00010 C634 O0 I 00002 I0001
00011 0634 O0 2 O0001 I0001
00012 0500 UC 4 00003 I0000 CLA
00013 0560 O0 4 00004 IOOOO LDO
00014 0C40 00 C 01002 I0011 TLQ
00015 0131 O0 0 GO000 I0000 XCA
00016 4600 O0 0 00144 I0001 STQ
00017 0534 O0 1 00144 I0001 LXA
00020 0402 O0 0 00144 10001 SUB
00021 C734 O0 2 00000 I0000 PAX












00023 0634 00 1 00041 lOOOl SXA IXl,l
00024 C634 OU 2 00042 I0001 SXA IX2,2
00025 0500 60 0 00203 10001 CLA* OUT
00026 0621 00 0 00121 10001 STA RITE+I
00027 0621 00 0 00040 10001 STA MON
00030 0734 00 i 00000 I0000 PAX 0,I
00031 1 00001 1 01001 IO011 TXl *+I,I,I
00032 0634 DO I 01001 lO011 SXA _+I,I
00033 '0441 00 0 00000 lO00O LDI **
00034 4L56 00 040000 |0000 LNT 040000
00035 0020 OC 0 01002 tOOlI IRA *+2
00036 OL2O O0 0 01003 IOOll TRA *+3
00037 0C74 00 4 07000 10011 TSX .OPEN,4
00040 5 00000 0 00000 lOOOO MON NON **
00041 0174 00 1000OO 10000 IXl AXT **,I
00042 071_ 00 2 00000 I0000 IX2 AXT **,2
00043 7 00026 2 00131 I0001 TEST IXL LASTC,2,22
00044 2 00026 2 01001 I0011 TIX *+I,2,22
00045 0634 00 2 00042 IO001 SXA 1X2,2
CARO ID° BCDUO004
00046 07#4 O0 2 00026 IOOO0 AXT 22,2
00047 1 00500 2 01001 I0011 TEST4 TXI *+I,2,320
00050 4634 00 2 00144 I0001 SXD W01,2
00051 2 00500 2 01001 I0011 TIX *+I,2,320
00052 Gb34 00 1 00062 lOOOl SXA CLA,I
00053 0634 00 1 00144 I0001 SXA WOl,1
00054 I G0026 1 01001 IO011 LOOP TXI *+I,I.22
00055 0634 O0 1 00041 I0001 SXA IXl,l
00056 07?400 4 00027 I0000 AXT 23,4
00057 0600 O0 4 00174 I0001 CLEAR STZ CKSUM÷23,4
PICK UP FIRST ARGUMENT
PICK UP SECOND ARGUMENT
WOI HAS THE FIRST ADDRESS
FIRST LOCATION IN INDEX I
IHE NO. OF WORDS OUTPUTED IN INDEX 2
TRUE WORD COUNT







00060 2 00001 _ 41001 LO011 TIX #-1,4,1
OOUbl 0774 0G _ 00000 LO000 AXT 0,4
00062 0500 O0 4 00000 IOOOO CLA CLA _,_
0006_ 0601 O0 4 00146 10001 STO CKSUM+I,4
00064 I 71777 4 01001 lO011 TXI *+l,_,-I
UOOb5 _ UO001 2 41003 IOUII TIX *-3,2,1
00066 0774 O0 1 00000 I0000 CNUM AXT *_,I
O0067 0500 00 0 00200 I0001 CLA HUNBIT
00070 017100 0 00001 10000 ARS 1
CARD 10. BCDUOOO5
00071 7 00143 1 01002 10011
00012 I 77634 I 41002 I0011
00073 0621 O0 O 00175 lOOOl
0001_ 0506 O0 0 00202 I0001
00015 0771 0C 0 00001 I0000
00076 7 OOUII I 01002 I0011
00017 I 71166 I 41002 I0011
00100 UCCI 00 0 00116 I0001
00101 05CO 00 0 00201 I0001
0010_ 01_L O0 0 00001 IOOOO
uUIU3 I GuOOO 1 01002 I0011
00104 I 17717 1 41002 I0011
001u5 46C2 00 0 00176 I0001
00106 0534 O0 I 00066 I0001
uulOl I 00001 I OlOOL I0011
O011O 7 01747 I 01002 I0011
OUlll 0_4 OC I OOOO0 lO00O
OOlI2 0634 00 I 00066 I0001
00113 077_ CC I 00026 I0000

























00114 45C6 00 0 00144 lO001 CAt WDI
00115 0361 O0 I 0U174 I0001 ACL GP,I
00116 2 00001 1 4t001 I0011 TIX *-l,I,[
UUll7 U_C2 CO 0 00145 I0001 SLW CKSUM
0012U 0614 O0 4 I0000 lO011 RITE TSX .WRITE,4
00121 0 00134 000000 I0100 PZE _*,,EOF
00122 0 GC634 0 00144 I0001 IOCD WDI,,28
00123 0020 C0 0 00041 10001 IRA IXi
00124 0620 00 0 01001 lOOll RETURN TRA #+1
00125 0774 00 I 0004I I0001 AXT IXI,1
00126 0634 O0 1 00123 lO00l SXA RETURN-I,I
00121 0634 OO 0 00006 IO001 SXA CNUM
00130 RETURN BCOUMP
OUI31 0500 O0 0 00124 10001 LASIC CLA RETURN
0U132 0601 00 U 00123 I0001 STO RETURN-I
00133 0020 00 0 C0041 lO00l IRA TEST4
00134 CC0000000000 00010 EOF CALL .FXEM.(EOF2)
00134 0074 O0 _ 04000 10011
00135 I 00001 0 01003 I0011
CALL EXIT
CARD ID. BCDUO007
UOl3b G G0204 0 C0140 fOlD0




WRITE THE BINARY CARD ON THE OUTPUT TAPE
142
00160 0C74 O0 4 05000 I0011
00161 I COCOD 0 01002 I0011
00162 0 OG2G6 0 00141 I0100
00143 G COCCO 0 00062 10000 EOF2 PZE
00144 0 00000 0 00000 10000 WD1 PZE
00145 2COC00000027 00001 CKSUM 8SS
00176 62GG6100_040 I0000 GP OCT
00175 IC4C20400000 I0000 OCT
00176 O 00000 0 DO000 10000 WORD3 PZE
00177 0 CO000 0 00000 lO000 PZE
00200 UOOCUOOG200O 10000 HUNBIT OCT
00201 OOGG200CO000 lO000 BITU OCT
00202 2CCCODO00000 lO000 BITT OCT
00203 0 OGGO0 0 11000 I0011 OUT PZE
00204 OGCGCOOOOO00 10000 *LDIR
00205 222324664447 I0000




























































REFERENCES TO DEFINED SYMBOLS.
























































BINARY LAkD ID. .PCdO005













REFERENCES TO DEFINED SYMBULS.
CLASS SYMBOL VALbE REFERENCES
.PC_. ObOCC

























SUBROUTINE OUTPUT (MA, FG,F, XN,XJR,XJZ,
i V, KFING,KASORG, AG,FNG,SG,ASG,SCG, SDG,
2 SING,XNG,XJRG,XJZG,XNB,HNLG,VNLG,XNLG,BNLG, STG,
3 XNORM, BUCLK, MXVARI,ESIJM }
SUBROUTINt OUTPUT IS THE OVERLAY {OR CHAIN) SUBROUTINE OF TDSN
THAT WRITES OUT THE FINAL VALUES OF THE ITERATED QUANTITIES
AND COMPUTES AND WRITES OUT EXTRA OUTPUT BASED ON THE
FINAL ITERATEu VALUES.
THE COMMON STATEMENTS
COMMON /CALLI/ KCHAIN, KEND, KEFN
COMMON /CALL2/ KBCRED,
I KREG, KALC, KGEO, KBBC, KTBC, KLBC,
2 KRBC, NSN, NG, NZ,
3 NR, NTYPS, NMAT, LBUCK, KCTYP,
4 KSISO, KGST, KCTR, KCGG, KDREAD, KFLUXI,
5 ITMIMX, ITMIGM, NZONER, NZDNEZ,
6 KACCEL, KALCI, NFN, N2N, ITMPRT,
7 KBCDUP, KACAV, KGAVE, KNIP, KEDIT,
8 GLAM, EIGEN, EPS, XNF,
9 RYE, TIMAX, CALCI, OMEGA, OMEGAP
COMMON /CALL3/
I HZ, HY, BF,
2 KCA, KCF,
3 KONV, KFINSH. KASOR, KUPS,
4 NBF, ND, NGP[, NZPI, NRP|,
5 NIJ, NTYNG, NDNZ, NONR, NDNIJ, NDNZNG,
6 NXNZS, NAR, NC, NIJG, NBUCK,
l ITMA, ITMI, ITMISI, ITMIGX, ITD,
8 NEGSOR, LZSAV,
9 TIMEX, TIMEZ, SDGFGI, SCALUP
COMMON /CALL4/ EPG, EPGX, EPGM, EPGMP,
X OMEGAS, OMEGPS,
2 EXIRAI, EXTRA2, EXTRA3, EXTRA4, EXTRAS,


























103 FORMAT iIH )
II| FORMAT (81141
I13 FORMAT 18E14.6)
120 FORMAT (126H ITMA ITMI ITMIGX ITD TIME REQ EPG
IEPGM KASOR KONV KFINSH NEUTRON BAL GLAM E
2IGEN I
121 FORMAT II_,I6,14, IZ,3EIA. 6,14tlStI6tEI8.8,2FIA.81
122 FORMAT {IHK.SUHTHE GROUP CUNVERGENCEt KFINSH BY GROUP IKFINGiIG))I
123 FORMAT (IHL,ZBHTOTAL NEUTRON FLUX {XNGIIG))|
124 FORMAl |IHLeZ3HFISSION SOURCE {FGIIG)II
IZ5 FORMAT (IHK,31HIN SCATTERING SOURCE (SINGIIG)))
126 FORMAT ||HK,ZgHOUT SCATTERING LOSS {SDG{IG)I)
127 FORMAT (IhKt32HSELF SCATTERING SOURCE ISCG(IG|)i
128 FORMAT |IHK,_SHNON-SELF SCATTERING SOURCE |SGIIG))I
129 FORMAT {IHK,ZZHTOTAL SOURCE |STGIIGJ))
I30 FORMAT II_L,ZbHFISSION NEUTRONS |FNG|IG))I
I3I FORMAT {IHK,ZOHABSORPTIONS {AG(IGiI)
132 FORMAT ( IHK,29HhORIZONTAL LEAKAGE (HNLG(IG))|
I33 FORMAT {IHKtZTHVERTICAL LEAKAGE [VNLGIIG)))
134 FORMAT IIHKo22HNET LEAKAGE |XNLGIIG)))
135 FORMAT (lHLw42HNEUTRON BALANCE iXNB(IGII {SOURCE - LOSS|)
I36 FORMAT (IHK,68HTOTAL FIRST DIRECTION NEUTRON CURRENT |XJRG(IGII|
138 FORMAT |IHKtTAHANISOTROPIC NON--SELF SCATTERING SOURCE NITHOUT DIRE
ICTION COSINES )ASG{IG);I
1_0 FORMAT (IHLt2X,4OHTHE FISSION RATE PER UNIT VOLUME IFIIJIII
I_I FORMAT ilHKt_OHTOTAL SECOND DIRECTION NEUTRON CURRENT (XJZG|IG))I
163 FORMAT {IHIe2Xt66HTHE NET FIRST DIRECTION CURRENT PER UNIT VOLUME
IBY GROUP {XJRKIJ)|)
I6_ FORMAT {IHIeZXtA1HTHE NET SECOND DIRECTION CURRENT PER UNIT VOLUME
1 BY GROUP (XJZ(IJ))|
l_5 FORMAT {IHI,2X,SBHTHE NON-DIRECTIONAL FLUX PER UNIT VOLUME BY GROU
IP (XNIIJ)t)
l_b FORMAT {IHK=2Xt3HIG==I3)
167 FORMAT (IHKtBZHTHE NUMBER OF MESH INTERVALS AT NHICH A Pl SOURCE C
IORRECT|ON WAS MADE IKASORG|IG))I
I_8 FORMAT (IhI_5IHNORMALIZATION FACTOR FOR Ft XNt XJRt AND XJZ EQUALS
I,EIA.8)
169 FORMAT {IHLt97HTHE MAXIMUM PATE OF CHANGE IN THE SELF-SCATTERING S
IOURCE OCCURS AT THE MESH INTERVAL (MXVARII1G|)J
ISO FORMAT {IHKtZSHBUCKLING LOSS (BUCLK(IG)))
151 FORMAT (IHK=Z4HBUCKLING LOSS |BNLGKIG|)I
152 FORMAT (IHK_b8HTHE MAXIMUM RATE OF CHANGE IN THE SELF-SCATTERING S
IOURCE (ESIJM|IGII|
tab FORMAT IbX,ZHJ=,I3)
170 FORMAT | IFSt 7F IO.AI
171 FURMAT (IHIt 14HFLUX INTEGRALS]
172 FORMAT iIH$, I_HFLUX INTEGRALSI
173 FORMAT {IHL,3_HAVERAGE |D=BZS) OVER ENTIRE VOLUME)
















IF IKFINSh} I010, I015_I010
1010 WRIIE (6,122I
WRITE Ib,lll) (KFING(|GI, IG=I,NG)
1015 IF LKASOR; I030,1030,I020
1020 WRITE Ib,1471
WRITE (6,111| (KASURGIIG;, IG=I,NG|
I030 WRIIE (6,149|
WRITE (6, Ill) (MXVARI(IG), IG=I,NG)
WRITE (6,152}










1052 DO 105b IG=I,NG
IF (KSISOI I055,1055,1_53
1053 XJRGIIG)=C.O

























_RITE (6,113! {XNG(IG), IG=I,NGPI)
IF (KSISO) 1&80,1080,1075
1075 WRITE (6,136)
WRITE (6,1131 (XJRGIIGI, IG=I,NG), XJRGSN
IF (NZ-I! I080, I080,1076
1076 WRITE (6,I41}
wRITE (6,113} (XJZGIIG), IG=I,NG), XJZGSM
I080 WRITE (_,124)
WRIIE (6,113) [FG(IG), IG=I,NGPI)
WRITE (6,125)
WRITE 16,1[3I ISINGIIGb, IG=I,NGPI)
WRITE (6,126)
WRITE (6,113) (SDG(IG|, IG=I,NGPI)
wRITE (6,127)
WRITE I6,113) ISCG(IGI, IG=I,NGPIJ
WRITE (6,128|
WRITE (6,113) ISG(IG}, IG=I,NGPII
WRITE (6,129_
WRITE (6,113) (STG(IG), IG=[,NGPII
IF IKSISO) 1090,1090,1085
1085 WRITE |6,138J
WRITE 16,113J (ASGIIG}, IG=I,NGI, ASGSUN
I090 WRITE (6,[30I
WRITE (6,113| (FNGIIG), IG=I,NGI, FNGSUH
WRITE (6,131;
WRITE (6,113J (AG(IG), IG=I,NGPI;
wRITE (6,1321
WRITE I6,113} IHNLG(IG), IG=I,NGPI)
IF (NZ-I) 1G92,1092, I091
1091 WRITE (6,133)
WRITE (6,113) (VNLG(IG|, IG=I,NGPI)
1092 |E (NBE-'-II 1093,1093,1094
1093 IF (NBUCK) 1055BI095,1094
1094 WRITE 16,1511
WRITE 16tI13| (BNLGIIG), IG=IeNGPI|
1095 IF (LBUCK) 1097,1097,1096
1096 wRIIE (6,150}
WRITE (6,113J (BUCLK(IG), IG=I,NGI, BUCLKS
I091 WRITE (6,[34)
WRITE I6,113) IXNLGIIG), IG=I,NGPi)
wRITE (6,135)













llO? YNURM= I. 0


































































































































WRIIE (6,113_ ISTGIIG), IG=I,NGI












WRITE (6,113) (STGIIGI, IG=I,NG}
WRITE (6,170) KSTG|IG), IG=I,NGI
IF (KACAVI 1405,1401,1405























SUBROUTINE TABLES IMAmC, CN2N,
I NMRA,NMZA,IDM, IDMAP,IDGP|
XN,XJR,XJZ, V,
SUBROUTINE TABLES IS THE OVERLAY fOR CHAIN) SUBROUTINE OF TOSN

































KGEO, KBBC, KTBC, KLBC,
NSN, NG, NZ,
NMAI, LBUCK, KCTYP,
KCTR, KCGG, KDREAD, KFLUXI,
IIMIMX, ITMIGMt NZONER, NZONEZ,
NFN, N2N, ITMPRT,
KGAVE, KNIP, KEDIT,











EPG, EPGX, EPGM, EPGMP,
OMEGAS, OMEGPS,
EXTRA2, EXTRA3, EXTRA4, EXTRAS,
KXTRA2, KXTRA3, KXTRA4, KXTRA5
KTABLE, NACAVT, NTYBAR, KGGBAR
KSUM, NACAVI, NACAV2, NZMI,




DIMbNSION XNII}, XJRII), XJZlI)
DIMENSION VII)











120 FORMAT (IHLo36HTABLES ARRAY SIZE EXCEEDED.
1000 STORAGES AVAILABLE.)
160 FORMAT |I_I_IbHACTIVITY TABLES }
1hi FORMAT |IHtpX7HAVERAGING TABLES |
NZM I=NZ-I
NTYGI=NIYPS*NGPI
I000 IF IKACAV) I00511001,I005
1001 IF (KGAVE) 2000t2000,1005
1005 KUP=KCGG-|KCTR+I|
KOOWN=NIYPS-KCGG
IF IKGAVEI 1100, II00ti010






















C COMPUTE TEE ACTIVITY TABLES.
C
C
1100 IF (KACAV} 1120,1502e1105








































CALL TABLE (MA,C,CN2N, XN,XJR,XJZ, V, IDMAP,IDGP,
l XTAB(LKSI),XTAB[LVSUMI, XTA_(LFX),XTAB(LCXI,XTAB{LCOUT},




C COMPUTE ThE AVERAGING TABLES.
C
C
1500 IF (KREG) 1501,15G1,2000
1501 IF (IABSK_ACAV)-[) 1503,1503,1502
1502 WR_TE (6,Ibl_
GO TO 1505
1503 IF (KGAVE) 2000,2000,1505
1505 IF (KACAV-21 150b,1510,[510
150_ IF [IABS(KACAV)-I) 1510,1510,152G
































CALL TABLE |MA,C,CN2Nw XN, XJR,XJZe V, IDMAPeIDGP,
1 XTAB|LKSIJ,XTAB|LVSUMIt XTABKLFX)vXTAB/LCX).XTAB|LCOUTI,































NMRA, NMZ A, IDM,
SUBROUTINE [OACAV OBTAINS THE iDENIFICATION NUMBER MAP TO USE FOR



































1036 IF (NACAV÷(IDM(IIJ-I|; 1037,I045,1045
1037 NACAV=-IOM(II)+I
GO TO 1045




























COMMON ICALLll KCHAIN, KEND, KEFN
COMMON ICALL21 KBCRED,
1 KREG, KALC, KGEO, KBBC, KTBC, KLBC,
2 KRBC, NSN, NG, NZ,
3 NR, NIYPS, NMAT, LBUCK, KCIYP,
6 KSISO, KGS[, KCIR, KCGG, KDREAD, KFLUXI,
5 ITMIMX, ITMIGM, NZONER, NZONEZ,
6 KACCEL, KALCI, NFN, N2N, IIMPRT,
I KBCDUP, KACAV, KGAVE, KNIP, KELiI,
B GLAM, EIGEN, EPS, XNF,
9 RYF, TIMAX, CALCI, OMEGA, OMEGAP
COMMON ICALL3/
I HZ, HY, BF,
2 KCA, KCF,
3 KONV, KFINSH, KASOR, KUPS,
NBF, ND, NGPI, NZPI, NRPI,
5 NIJ, NTYNG, NONZ, NONR, NDNIJ, NDNZNG,
6 NXNZS, NAR, NC, NIJG, NBUCK,
7 lIMA, IIMI,, ITMIST, ITMIGX, ITO,
8 NEGSOR, LZSAV,
9 TIMEX, T|MEZ, SDGFGI, SCALUP
COMMON ICALL41 EPG, EPGX, EPGM, EPGMP,
I OMEGAS, OMEGPS,
2 EXIRAI, EXTRA2, EXTRA3, EXTRA4, EXIRAS,
3 KXIRAI, KXTRA2, KXTRA3, KXTRA4, KXTRA5
CCMMON /CTABLEI KTABLE, NACAVI, NTYBAR, KGGBAR
COMMON /CSUM/ KSUM, NACAVI, NACAV2, NZMI,
I NTYGI, IG








DIMENSION FX(ll, CXlIl, COUT(I)
DIMENSION DISADII)
DIMENSION FX_AR|I|, CXBAR(1), C06AR|I)
STOP AT KEFN=,I8|
THE FURMAI STATEMENTS






















































| IHIt2OHCISADVANTAGE FACTORS )
|lhL)
(IHL.32HZONE IDENTIFICATION NUMBER |I0)=,131
{Ihlm3OHGROUP COLLAPSED CROSS SECTIONS|
|IPL. 33HIoD. NUMBERS FOR COLLAPSED GROUPS i
(Ih$_3UHGROUP COLLAPSED CROSS SECTIONSI
(lh$,TFlO.6)
(IHL,ZBHTOTAL OF P[O) AND P(TI ZONES|
|IHLeIgHTOTAL OF P(I} ZONESI
{12h GROUP TOIAL)
(l_L,128HN TO 2N REACTIONS ARE NOT ACCOUNTED FOR IN THE WIT
IHIN GROUP SCATTERING CROSS SECTION WHICH HAS BEEN COMPUTED BY NEUT
2RON BALANCE ./SX,92HFROM SCATTERING THAT CONTAINS THE EXTRA NEUTRO
3NS AND THE T_TAL COLLISION LOSS WHICH DOES NOT|
THE INTEGER FUNCTIONS
INDEX(LENGTH, INDEXOtlNDEXLI=LENGTH*(INDEXO-I|eINDEXL
GO TO (LI50.1550)t KTABLE



























































































WRIIE (6,113; (DISADIIC), IG=I,NG)
wRIIE (0,170)
RETURN





























































CALL AVERAG ! KSI, FXtCXeCOUT I
CON]INUE


















1825 CALL COLAPS I KGAVE.NTYBAR.KGGBAR.
I FXBAR,CXBAR,COBAR I





























CN2N, XN,XJR,XJZ, V, IDMAP, KSI, VSUM,
THE COMMON STATEMENTS
C_MM_N ICALLII KCHAIN, KEND, KEFN
COMMON ICALL2/ KBCRED,
I KREG, KALCt KGEQ, KBBC, KTBC, KLBC,
2 KRBC, NSN, NG, NZ,
3 NK, NTYPS, NMAT, LBUC_, KCTYP,
4 KSISO, KGST, KCTR, KCGG, KDREAD, KFLUXI,
5 (TMIMX, iTMIGMt NZONER, NZONEZ,
6 _ACCEL, KALCI, NFN, NZN, ITMPRT,
7 _6CCUP, KACAV, KGAVE, KNIP_ RED|I,
GLAM, EIGEN, EPS, XNF,







I HZ, HY, 5F,
2 KCA,
J KONV, KFINSH, KASUR, KUPS,
N_F, NO, NGPI, NZPI, NRPI,
5 NIJ, NTYNG, NDNZ, NDNR, NDNIJ,
6 NXNZS, NAR, NC, NIJG, N_UCK,
7 ITMA, ITMI, ITMIST, ITMIGX, liD,
NEGSOR, LZSAV,
IIMEX, TIMEZ, SOGFG1,






















































































IF (KREG} IO/b, lO7b,1080








































IF (IG--IGN} IIIC, II05,1110
IF (N-KCTR) 1105,1105,1103













IF (KREGI II16, II16,II17
IF (IG--IGN) I125,1120, I125








IF lID-IDA] I165,1160, I160
GO TO (1175,120CI, KSUM
KSIKIDAI=I










SUBROUIINE AVERAG I KSI, FX,CXoCOUT )
THE CUMMUN STATEMENTS
CGMMON ICALLI/ KCHAIN, KEND, KEFN
COMMON  CALL21 KBCRED,
l KREG, KALC, KGEO, KBBC, KTBC, KLBC,
2 KRBC, NSN, NG, NZ,
3 NR, NIYPS, NMAT, LBUCK, KCTYP,
4 KSISO, KGSI, KCTR, KCGG, KDREAD, KFLUXI,
5 ITMIMX, ITMIGM, NZONER, NZONEZ,
6 KACCEL, KALCI, NFN, N2N, ITMPRT,
7 KBCDUP, KACAV, KGAVE, KNIP, KEDIT,
8 GLAM, EIGEN, EPS, XNF,
9 RYF, TIMAX, CALC[, OMEGA, OMEGAP
CCMMON /CALL3/
I HZ, HY, BF,
2 KCA, KCF,
3 KONV, KFINSH, KASORt KUPS,
4 NBF, ND, NGPI, NZPI, NRPI,
5 NIJ, NTYNG, NDNZ, NDNR, NDNIJ, NDNZNG,
6 NXNZS, NAR, NC, NIJG, NBUCK,
7 ITMA, IIMI, ITMIST, ITMIGX, liD,
8 NEGSOR, LZSAV,
9 IIMEX, TIMEL, SDGFGI, SCALUP
C_MMON ICAVER/ [D, KF, KC, NACAV
IHE DIMENSION STAIEMENIS
OIMENSION KSI|I}
DIMENSION FX|I|, CXII), COUIII!
C




173 FORMAT {IHJeZ2HCOLLAPSEO TO ONE GROUP)
114 FORMAT (24h OUT SCATTERING BY GROUP|
175 FORMAT (lh$,Z4H OUI SCATTERING BY GROUPJ
C
C THE INIEGER FUNCTIONS
INDEXILENGTH, INDEXO,INDEXL)=LENGTH*(INOEXO--II+INDEXL





















































































IF (ID--NACAV) IIS0, I190, I195
IF IKACAV| 1195,1200,1200
WRITE 16,175)





SUBROUTINE COLAPS ( KOLAPS,NTYLAPwKGGLAPe
1 FS,CS_ FOLAP,COLAPtOUTLAP )
KIG,
SUBROUTINE COLAPS IS TO GIVE COLLAPSED GROUP CROSS




COMMON ICALLI/ KCHAIN, KEND, KEFN
COMMON ICALI21 KBCRED,
1 KREG, KALC, KGEO, KBBC, KIBC, KLBC,
2 KRBC, NSN, NG, NZ,
3 NR, NIYPS, NMAT, LBUCK_ KCTYP,
4 KSISO, KGSI, KCTR, KCGG, KDREAD, KFLUXI,
5 IIMIMX, IIMIGM, NZONER, NZONEZ,
6 KACCELt KALCI. NFN, NZN, ITMPRT,
7 KBCDUPt KACAV, KGAVE, KNIP, KEOIT,
8 GLAM, EIGEN, EPS, XNF,
9 RYF, TIMAX, CALCI, OMEGA, OMEGAP
C_MMON /CALL3/
I HZ, HY, OF,
2 KC_, KCF,
3 KONV, KFINSH, KASOR, KUPS,
4 NBF, ND, NGPI, NZPI, NRPI,
5 NIJ, NTYNG, NDNZ, NDNR, NDNIJ, NDNZNG,
6 NXNZS, NAR, NC, NIJG_ NBUCK_
7 lIMA. ITMI, IIMIST, IIMIGX, ITD,
8 NEGSOR, LZSAV,
9 TIMEX= IIMEZ, SDGFGIt SCALUP









































































































C SUBROUTINE EDII COMPUTES ACTIVITIES, FLUX INTEGRALS, AND AVERAGE
C ACIIVIIIES FOR A SPECIFIED CROSS SECTION OVER GIVEN SETS OF








C THE COMMON STATEMENIS
COMMON /CALLI/ KCHAIN, KEND, KEFN
COMMON ICALL2/ KBCRED,
I KREG, KALC, KGED, KBBC, KTBC, KLBC,
2 KRBC, NSN, NG, NZ,
J MR, NTYPS, NMAT, LBUCK, KCTYP,
4 KSISO, KGST, KCTR, KCGb, KDREAD, KFLUXI,
5 ITMIMX, ITMIGM, NZONER, NZONEZ,
6 KACCEL, KALCI, NFN, N2N, ITMPRT,
I KBCDUP, KACAV, KGAVE, KNIP, KEDII,
8 GLAM, EIGEN, EPS, XNF,
9 RYF, TIMAX, CALCI, OMEGA, OMEGAP
COMMON /CALL3/
I HZ, HY, BF,
2 KCA, KCF,
] KONV, KFINSH, KASOR, KUPS,
4 NBF, NO, NGPI, NZPI, NRPI,
5 NIJ, NTYNG, NDNZ, MONK, NDNIJ, NDNZNG,
6 NXNZS, MAR, NC, NIJG, NBUCK,
1 ITMA, ITMI, ITMIST, IIMIGX, ITD,
8 NEGSOR, LZSAV,
9 TIMEX, TIMEZ, SDGFGI, SCALUP
COMMON /CALL41 EPG, EPGX, EPGM, EPGMP,
I OMEGAS, OMEGPS,
2 EXTRAL, EXTRA2, EXTRA3, EXTRA&, EXTRAS,
3 _XTRAI, KXTRA2, KXTRA3, KXTRA4, KXTRA5
ThE DIMENSION SIATEMENIS
DIMENSION MAll), C(1), XNII),
I V|l)







200 FORMAT IhL,QHEDIT SET ,12}
20/ FORMAT IHL,IOHINTEGRALS ,13,18H HAVE LIMITS FROM ,I2,4H TO ,12,
I 12H CN GRUUPS, ,I2,4H TO ,12,31H ON RADIAL MESH INT.ERVALS, AND
2 ,|2,4h TO ,J2,24H ON AXIAL MESH INIERVALS)









IIHLt32hACTIVITY INTEGRALS FOR EDIT SET ,131
(IhLt2BHFLUX INIEGRALS FOR EDIT SET ,13)






























WRITE (6,201) IN. IGI,IG2,1RI,IRZ,IZI,IZ2
ACT INTI IN ;=0.0
FINII IN)=DoU
DO L125 IE=IGI,IG2










D_ 1125 I=IRI, IR2
IJ=INDEXINR,J,I)
IJG=INDEX(NIJ,IG, IJ)











WRITE (6,113) (ACTINT(IN), IN=I,INTPI)
WRITE (6,204I ISET
wRITE I6,113) IFINTIIN), IN=I,INIPI)
WRITE (6,2051 ISET










] "7_'7 m "__ } mq',,l_
1A I .m_67q_ )





LISTING OF SAMPLE PROBLEM OUTPUT
!JVEV, LAY URIG_N CAP, I]S AND ASSIGNED LINK NUM_,ERS
$ORIGIN ToS:ICC IS LINK
SL]RI GIN 1DSNOn IS LINK
$ORIGIN IDSN21 IS LINK
$ORIGIN IuSnlZ2 I S LINK
$ORIGIN I DS_ (JO IS LIN_,
SURIUIN IOSNO0 I S LINK
SUIRIGIN IDSNoI I S LINK
$ORIGIN TDSr_l I S LII\K
$(]R IGIN 1DSNo2 IS LINK
$UI_IGIN lubNh2 I S LINK
$OHICIN IL)SNO_' I .b LINK
$CHIGIN TL;S,wCO I S LINK
1, PARENT LINK IS O
2, PARbNI LI_K IS 0
3, PARENT LINk IS 2
_, PARENT LINK IS 3
_, PARENT LINK IS 0
6, PARENI LINK IS O
1, PARENT LINK ]S O
8, PARENT LINK IS b
9, PARENT LINK IS B
I0, PARENT LINK IS 8
11, PARENT LINK lb 8











PRE-EXECuI IUN INJI IAL IZATIGN
CALL ON OBJECT PROGRAM
OBJECT PRbGRAM
I. DECK 'TDSN ' ¢
OVERLAY CUMMUNICAIIUN
2. DECK 'INPUT ' *
3. DECK 'KEADSV' *
4. DECK 'XS/OSN' *
5. DECK tSETUP ' *
6. DECK 'BCREAD" #
7. DECK '.KEAD5' *
O. DECK 'OUTER _ *
9. DECK 'O_3CAL' *
I0. DECK 'FISION' *
II. DECK 'FIXED ' *
12. DE_K 'INNEK ' *
I3. DECK 'FLUX '
14. DECK 'SURAXS' *
15. _ECK 'DUMPBC" *
lb. DECK 'BCDUMP'
17. DECK '.PCH. '
IB. DECK 'OUIPUI'
19. DECK 'TABLES' *
20o DECK 'IUACAV' *
21. DELK 'TABLE ' #
22. DECK 'SUM ' #
23. UECK 'AvERAb' *
2_. DECK 'CULAPS' *
25. DECK 'EDII '
26. SUBR '.|BSYS'
27. SUBR '.LRCCN'













































































































































I_ - INSERTICNS OR £)[LETIUNS MAI)E IN THIS OECKI
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